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ope. compounds which the acids form with ap oxides Chap. It 
yi of iron were formerly distinguished in chemistry by 


the epithet martia/, because Mars was the title given 
_by the alchymists to iron. The most important of 
these salts have been long known, | No metal attracts 
: oxygen and combines with acids with more facility than 
4 ‘ iron ; many of its salts therefore are found ready form- 
ed, or at least are often formed during the multiplicity 
pe oy which this cs useful metal is expos 


be se is ble of combining with two doses of oxy- | 
gen, and several of the acids unite with each of its 
Vor. Ill. on 


7 
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2 
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Characters. 


_the metal is oxidated, and sulphurous acid gas exhaled. | 


SALTS OF oe | | 


oxides. There are therefore two sets of salts whict ; 
have iron for their basis ; one set containing the black. — 
oxide, the othér the red. The /ast apres sets was. 
scarcely attended to by chemists, till Mr Proust pub- 
blished his Researches on’ Prussian Blue in 1797; in 
which he described the properties of the salt composed. 
of the red oxide of iron and sulphuric acid; which, 
according to the rule formerly laid down, I shall call 
oxy-sulphat of tron. . Since that time Mr Davy has as- 
certained the existence of several more of these salts. A 

The salts of iron may be Tsing uished by the fol- a 
lowing properties: =. come «Va 

1. They are almost all soluble in water ; and in ge- — 
neral the solution has a greenish or yellowish redco- 
lour, and an astringent tas<<. ‘ is) 

2. The triple prussiats occasion in these solutions a 
precipitate of a deep blue, or at least which acquires 
that colour on exposure to the atmosphere. 

sh Hydro-sulphuret of potass occasions a 2 black pre- 
Pn ee 

4. 4. Sulphurated hydrogen renders the solution neatly 

colourless, but occasions no precipitate. aie iy 

5. Gallic acid, or the infusion of nutgalls, occasionsa : 
black or purple precipitate, at least if the solution has 
been tor some time exposed to the air. 


} 


Sp. 1.  Sulphated Thess 7 ou me 


ConcEnTRATED sulphuric acid acts but very slowly — 
upon iron, unless it be a assisted by heat In that case 


But diluted sulphuric acid dissolves iron with great ra< d 
ee and ae aS of hydr ogen iv is emitted. In ‘ 


iRON: 
J ; a 
is bias with the iron, while i its hydrogen is emitted. The 


‘solution has a green colour, and when evaporated im- 


_ lowed to remain exposed to the atmosphere, it gradu- 

«; ally attracts more oxygen, and is converted into oxy- 

i __ sulpbat, ‘unless it contains an excess of acid; which re- 

 tards, and wit silane a abundant, prevents the 
change, 

1. Sulphat of iron. This salt was known to the an- 

_ tients, and is mentioned by Pliny under the names of 


’ 4 3 


ih sory, and calchantum*. In commerce it is usually 
_ denominated green vitriol or copperas. It is not pre- 
pared by dissolving iron in sulphuric acid, but by 
a ; ‘moistening the sulphurets of iron, which are found na- 
a tive in abundance, and exposing them to the open air. 
_ They are slowly covered with a crust of sulphat of iron, 
‘which is ‘dissolved in water, and afterwards obtained in 
_erystals by evaporation. Sometimes the salt is found 
ready formed, either in a state of solution in water of 
mixed with decayed pyrites. 

Sulphat of iron has‘a fine green colour. . Its crystals 


aré rhombs with angles of 79° 50’ and 190° 10’, in- 
__ ¢lined to each other at angles of 98 37' and 81° 23’ 4. 
 Ithasa very strong styptic taste, and always reddens 
. vegetable blues. Its specific gravity is 1 8399t. 

~~ It is soluble in about two parts of cold water, and in 
/ L ths wy its seni of being pater ii i$ 1} 130! 'uble in al- 


a Soa a Ann. de Chim, xxviii. 13. | 


A2 


mediately, yields crystals of sulpbat of iron; but if al- 


are transparent rhomboidal prisms, the facés of which 


ie Lib. xxxiv.c. 12. “ - ¢ Hany, ‘Four. de Mia aa v. 54% " + 
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rapidly and completely if the salt be moistened with 


plained by Scheele. 


driven off, and there remains behind a red powder, for- 
yseems to be a mixture of brown oxide of iron and or hal 
afterwards a very strong fuming acid, formerly known 
by the name of glacial oil of vitriol, and which is now 7% 
known to be a compound of sulphuric and sulphurous _ 


acids. ‘The residuum is the same mixture of oxide and i: 


open fire. This decomposition, which sulphat of iron * 


SALTS OF 


because it absorbs oxygen, and is partially: converted 
into oxy-sulphat. This change takes place much more — 


water. The cause of these phenomena was first ex- 4 


When heated it melts, gradually idsbe its water sat bi r 
crystallization, and by a strong heat sulphurous: acid. a = 


merly known by the name of colcothar of vitriol, which 


sulphat. When this salt is distilled, there comes over 
first water slightly acidulated with sulphuric acid and 


wry 
My 


oxy-sulphat which is obtained by calcination in the 


undergoes when heated, enables it in many cases, ina _ 
high temperature, to act nearly the same part as sul- 
phuric acid. Hence it is often employed by manufac. 
turers to disengage the weaker acids from, their bases. 

This salt, according to Bergman, i is composed of | 


30 acid, i; Wee es 
23 ekiden, ‘emt AY 

., tae 

TOG re iF 
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Bit IRON, “ 


: u Ae According to Kirwan, of 26 acid: 
aaa 28 oxide . 
’ 8 water of composition 
38 water of crystallization 


“ | i de 100 * kita 

It cannot be doubted, I think, that the black oxide of 
iron is capable of combining intimately with water, and 
of forming a hydrat, as well as the oxide of copper, 
The colour of this hydrat is green; hence the reason 
i tise the black oxide of iron, when precipitated from 


é 


Pe the state of hydrat. When the water is driven off by 
heat, the oxide assumes its ‘natural black colour. ‘The 
_ oxide, which constitutes a part of the sulphat of iron, is 
; -also combined with water, and in the state of a hydrat. 
_ Mr Kirwan, therefore, has, with great propriety, distin- 
guished between the water of crystallization ‘and that 
part which is a necessary constituent of the salt. 


_ phosphats and-borats, and by the greater number of 
those salts whose base forms an insoluble compound 
with the sulphuric acid, as nitrat of silver, of lead, of 
barytes, &e. oh : | 

2. Ony-sulphat of tron. ‘This salt exists ready formed 
‘in what is called the mother water of vitriol, or the 


Sih 


| _ brown liquid which remains after all the sulphat of iron 
has been extracted by crystallization from those waters 
4 _ which contain it. The properties of this salt were first 
% accurately described by Mr Proust. It may be formed by 


* Oa Mreral Waters, Table iv, 
A 3 


acids by means of alkalies, has a’ green colour. It is in 


The sulphat of iron is decomposed by the alkaline 


_ exposing the solution of sulphat of iron to the a air i 


Book II. 
. Division I, 


-’ posed to the air, it gradually deposites red oxide, or ra- 


How chane 
ged 1 into 
sulphat, 


for some time, or by pouring into it nitric acid, and ap- 


“water, and also in alcohol. By this last liquid it may - 


with iron, When the solution of oxy-sulphat is mix- 


' SALTS OF 


plying heat *. , 

This salt has a red cain It does not afford cyst ; 
and when evaporated to dryness, soon attracts moisture, 
and becomes again liquid. It is exceedingly soluble in 


be separated from the sulphat of iron, with which it is 
always mixed in the vitrzo/ of commerce. When exe | 


ther oxy-sulphat with excess of base. . 

A great number of substances have the property of 
depriving this salt of its excess of oxygen, and of con- 
verting it into sulphat of iron. This is the case 


ed with iron-filings, and kept for some time in a 
well-covered vessel, part of the iron is dissolved by “— 
abstracting the second dose of oxygen from the oxide, 
and the whole is converted into sulphat. The same | 
change is produced by tin, and. probably also by all ey 
the salts of tin which contain that metal combined i. 
with a minimum: of oxygen. Sulphurated hydrogen _— 
produces that change instantaneously when made to 
pass through a solution of oxy-sulphat*. That gas has 
the property of reducing the oxides of iron to a mini- i al 
mum of OXYyZen 5 but it does not bring them to the me- ye 
tallic state. Hence the reason that it does not peme 4 
pitate iron from its solution in acids. 
On the other hand, all those bodies which part wiih i: 
oxygen very readily, convert the sulphat of iron into Bee R 


<< a BN oN 
: . 4 : rs 


Researches, p. 157. 
+ Proust, Aan, de Chim. xxiii. 93; 


| TRON» 7 : an vi 


Pd as 


exy-sulphat. Hence. this hinae is produced by the Chap. NE 
7 nitric and oxy-muriatic acids, by the oxy-muriats, the itl 
wah muriat of gold, &c. 


The solution-of sulphat of iron ie the ia of, Absorption 
of nitrous 


absorbing a great quantity of nitrous gas, and at the 5a. 


same time it acquires a yellowish colour. When this so-, 
lution is heated without being exposed to the air, the, 
greatest part of the nitrous gas is driven off unchanged 3 
but a small portion of it is decomposed, a little red, * 
oxide of iron is precipitated, and some ammonia formed, 
owing to the decomposition of alittle of the water of 
the solution, and the combination of its hydrogen with 
the azot of the nitrous gas. From the experiments of 
Mr Davy, it appears that gto parts of a solution of sul- 
phat of iron, of the specific gravity 1.4, absorb 5.72 
parts of nitrous gas; 4.28. of these are. emitted unal- 
tered on the application of heat, and 1.44 are decom- 


posed. ‘This ingenious gentleman calculates that 1 part 
ay of water was also decomposed; that. the, oxygen. fur- 
: nished by these two: bodies amounted to.1.65, and that 
it combined. with 4.1 parts of: black oxide, and occa- 
| sioned the precipitation of 5.75 parts of brown oxide, 


which was doubtless in the state of oxy sulphat, with 

excess of base. Hence the ammonia formed must . 
have amounted to about 0.8*. The oxy-sulphat of 

iron has not the property of absorbing nitrous gas en 


Sp. 2. Sulphite of Tron. 


SuLPHUROUS ACID attacks iron with rapidity, much 
heat is produced, and the solution assumes at first a 
brown colour, which gradually passes into a green. 


* Davy’s Sha hin Pp: 170s + Ibid, 
A 4 
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During this solution ag hydrogen gas is emitted ex- 
cept a few bubbles at first. The iron is oxidated at the 
expence of the acid, part of which is decomposed ; its 
oxygen combines with the iron and converts it into 
black oxide, while its sulphur combines with the sul- 
phite of iron as it forms. The salt, therefore, which is 
obtained by this process, is not pure sulphite of iron, 
but that salt combined with sulphur. These pheno- 


mena were first described by Berthollet *. When sul- 


‘phuric acid or muriatic acid is poured into this solu- 
tion the sulphurous acid is disengaged with efferve- 
scence; and if these acids be added in sufficient quan- 
tity a portion of sulphur is precipitated. 

When the solution is exposed to the air, crystals of 


sulphite of iron are formed, and at the same time a red | 


powder is deposited, probably consisting of onp-sulphite 
of iron with excéss of base, and combined with sulphur. 


The crystals dissolved in water and exposed to the air _ 


are gradually converted into sulphat of iron. +. 

“Thus there are two varieties of sulphited iron, simple 
sulpbite and sulpburated sulphite. ‘The first of these is 
insoluble in alcohol; but that liquid dissolves the se- 


cond: the first, when exposed to the air, is converted — 


into sulphat, but the second remains unaltered {. 


Sp. 3. Nitrated iron. 


Nitric Acip acts with great energy upon iron, a 
violent effervescence takes place, nitrous gas is emitted 


in abundance, the iron is generally oxidated toa maxi- 


mum, and a red powder precipitates, consisting pro- 
bably of oxy-nitrat with excess of base. These pheno- 
mena have been long known; but it was not till after 


% Ann, de Chim, ii. 58. } Fourcroy, vi. 200. } Ibid. 


| TRON. Thy a 


Mr Proust’s Researches on the Prussiats of Iron that Chap. UL 
as x e ° ° « kK {nomen peers aM 
the existence of two salts consisting of this acid, com- 
bined with each of the oxides of iron, was well under- 
___ stood by chemists. It is the oxy-mitrat of iron which 


is obtained by the usual process. Mr Proust merely 
ist, announced the existence of the simple nitrat, but it has - 
since been examined by Mr Davy. / 
1. Nitrat of iron. When nitric acid of the specific - Formatioa, 
gravity 1.16 is poured upon iron, it acts upon the metal ~ 


but slowly, no gas being given out for some time. The 
solution becomes of a dark olive brown in consequence 
of the nitrous gas whichit holds in solution ; but when 
exposed to the air, it becomes pale, because that gas 
combines with oxygen and is converted into nitric acid. 
When alkalies are poured into it, a pale green precipt- 
-tate falls, consisting of iron oxidated to a minimum. 
This solution absorbs nitrous gas. It cannot be con- 
centrated, nor even heated, without being converted 


into oxy-nitrat *.°— sn 
2. Oxy-nitrat of i iron. This is the salt obtained 
‘, ite iron is treated with strong nitric acid, or when the 


at 
4 
Ry 


a 


nitrat is heated or left exposed to the air. ‘The solu- 
tion is of a brown colour, and cannot be crystallized. 
When evaporated, it lets fall a red powder, not after- 
wards soluble in nitric acid; and sometimes when con- | 
 centrated assumes the form of a jelly. When evapo- Mains ‘ 
rated to dryness, the acid is disengaged, and the oxide | 
remains in the form of a fine red powder, insoluble in a 
nitric acid. Hence solution in nitric acid, evaporating a = 
to dryness, and digesting the residuum in water, is the . 
__ method recommended by Bergman, and commonly prac- we ¢. 
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*® Davy’s Researches, p. 187. 
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tised by chemists to separate iron from earths. The 
iron and earths are first dissolved together in nitric acids 
by the evaporation to dryness, the nitrat of iron is de- 
decomposed, while the earthy nitrats remain unaltered. ° 
They are of course dissolved by the water, but the red 
oxide of iron is left untouched. ° : 
Vauquelin has lately discovered a method of obtain- 
ing the oxy-nitrat of iron in crystals. When concen- 
trated, nitric acid is kept for some months in contact 
with the black oxide of iron, solution slowly takes place, 
and crystals nearly colourless are, formed, which have 
the figure of rectangular four-sided prisms, terminated 
by dihedral ridges. ‘These crystals have’an acrid and 
inky taste, and are very deliquescent. ‘Their solaean 
in water has a red colour, and the alkalies precipitate 
from it red oxide of iron*, 


Sp. 4.. Muriated Iron. 


MuRIATIc AcID attacks iron even with more ra- 
pidity than the sulphuric ; hydrogen gas is emitted in 
consequence of the decomposition of water, and the 
iron is oxidated and dissolved. This acid dissolves 


likewise the oxides of iron much more readily than any 
other, and for that reason it is usually employed to take ki 


out iron-marks from linen, and to remove particles of 


rust, which often adhere with great obstinacy to glass © 
vessels. Muriatic acid combines both with the black 

and brown oxides of iron, and forms with each of them a 5 * 
peculiar salt, the properties of which have heen lately de~ tt 
scribed by Mr Davy. ‘Their existence had been pre- 
viously pointed out by Proust. ‘The common muriat — 


* Fourcroy, vi. 205, 


es Bs et ra a cs 
=.’ Bi br a , si 
Ri i 
| TRON. OE ae 2 
_ 5 ‘ . « ° . : . =. . 4 
of iron, usually obtained by dissolving iron or its oxides Chap. Til. 


in muriatic acid, is a mixture of these two salts. | mF, a 
1. Muriat of iron. When iron-filings are dissolved a 

in muriatic acid, the solution, provided it be excluded Es 
from the air, is of a pale green colour, and yields, when | 
evaporated, crystals of muriat of iron almost white, 
which are extremely soluble in water, but insoluble in 
aloohol. The solution attracts oxygen from the air 
and frem nitric acid. It absorbs nitrous gas even in 

‘greater quantity than sulphat of iron, and acquires, 

_ when saturated, a dark brown colour, and a much more Br 
_ astringent taste than muriat of iron in its usual state. i; 

‘When heated, the greatest part of the gas is driven off, 

‘ some red oxide of iron is precipitated, and some ammo- 
nia formed, precisely as happens to a solution of sul 
phat of iron impregnated with nitrous gas*, 

2. Oxy-muriat of iron. This salt may be formed 
by dissolving the red oxide of iron in muriatic acid, or 
‘by treating the muriat of iron with nitric acid. The 
solution of this salt is of a deep brown; its odour is 


peculiar, and its taste, even when much diluted with Pek 
water, is exceedingly astringent. When evaporated to rs : 
dryness, it yiélds an uncrystallizable orange-coloured “ae 
mass, which deliquesces in the air, and is soluble in hy 
alcohol. This salt gives a yellow tinge to animal and Action on e 
bl b “the ~ . .. animals and 2 
vegetable suostances, as is the case wit OXy-MUIIALIC vegetables, aa 


acid. When sulphuric acid is poured upon it, the 
odour of oxy-muriatic acid is perceptible. This salt _ - 
does not absorb nitrous gas.. When sulphurated ‘hy- 
drogen gas is made to pass through it, part of the oxy- 


- 


' * . ‘ . 
_ gen is abstracted, and the salt is converted into muriat 
of ironf. 


} Ibid. p. 182, + 


* 


; 12 : SALTS OF 
“Book i. When this’salt is distilled, oxy-muriatic acid passes 
Division II, - 


wy Over, and the iron is reduced to the state of black ox- : 


ide. This acid is also formed and exhaled during the * 
solution of brown oxide of iron in muriatic acid, at | 


least 1f the solution be promoted by the mst Be of 1 ; 

heat. oat : ee, 

; Sp. 5. Phosphated Iron. gil a ee 
: PuospHoric acip has’ but little action upon iron, 
” However, if that metal remain exposed to the contact Pi 

i of phosphoric acid, or even to the solutions of salts 1 
A which contain that acid, it is gradually oxidated, and 
| converted into phosphat of iron. The properties of 
. phosphated iron have not been examined with attem-) 


tion. Scheele has shewn that the acid combines with : ' 
both oxides, and forms of course both a phosphat and | 

_ oxy-phosphat of iron. Fourcroy and Vauquelin have 

~dately ascertained that there are two varieties of this last P 
salt; one which had been already described by Berge 
man, Meyer, Klaproth, and Scheele, and another with My 
excess of base, and consequently a shane de juan. je, 
which these philosophers first observed. 

I. Phosphat ofiron. When sulphat of iron dissol- , 
ved in water is mixed with a solution of phosphat of A e 
potass, a blue powder precipitates, which is phosphat _ 
of iron. This powder is insoluble in water, and does a 


not lose its colour when exposed to the air*. This 
salt is found native, and constitutes the colouring 


Native — matter of a blue mineral called zative prussian blue, 
prussian 
i)... blue. found in bogs, and first analysed by Klaproth. Native 


prussian blue, as it is calléd, when dry out of the earth, a 


* 


* Schecle, Crell’s danals, i. 115.Engl. Trans. 


. % ae | IRON. . | 73 : ki, he 


fi is at first pee, colastel nad ° - when eis to the (Chey |) ie 
i a air, it becomes blue. The cause of this he has not “7 
i deen ascertained. bh ‘ 

2. Oxy-phosphat of iron,, This salt, may be readily 

procured by mixing together the solutions of oxy-mu- 
-riat of iron and phosphat of potass or soda, A white 

powder immediately falls,which is oxy-phosphat of iron. fer ok 

This salt, like almost all the phosphats, is soluble in 

acids, but precipitated undecomposed by ammonia. It | is 
ais almost insoluble in water, as it requires more than 

by 500 parts of that liquid to dissolve one part of oxy- 

phosphat. When heated violently, it melts into an ~ nuh 
ash-coloured globule*. When mixed with charcoal, 

and] heated to redness, it is converted’ into phosphuret 

of iron. 

2) Sub-oxy =ph net of iron. Bigs the oxy-phos- 

_ phat of iron is treated with the pure fixed alkalies, a red, 

or rather brownish-red, powder is separated, while the 

alkali combines with phosphoric acid: This powder 

was examined by Fourcroy and Vauquelin, and found 

by them still to contain a portion of acid.. It is there- 

fore merely oxy-phosphat with excess of base. This. 
| salt is scarcely soluble in acids or in water; but it dis- 

solves readily in the white of an egg, or in the serum _ 
of blood, and communicates to these liquids a brown or . 
red colour. Its solubility is increased, and its colour , a 
heightened, by the presence of a portion of fixed alka- . 
“ie lif. ‘This is the salt which gives a red colour to ike 8 3 
blood.. | 


* Sp. 6. Shiated Tron. 


_ Frvoric acip attacks iron with violence; hydrogen” 


— 


_ ® Bergman, iii. 118, + Fourcroy, ix. 35% 9)" h.4) a ae 
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gas is emitted, and the metal oxidated and dissolved. 


ese ‘The solution has an inky taste, and when evaporated 


does not crystallize, but assumes the form of a jelly. 
In this state it is undoubtedly an oxy-fluat of iron. 
Heat decomposes it by expelling the acid. The same 
effect is produced by sulphuric acid. Fluoric acid also 
dissolves the brown oxide of i iron, and forms the — 
salt *. 


Sp. 4. Borat of Iron. 


Boracic acip acts very feebly upon iron; but bo-= 
rat of iron may be obtained very readily by pouring lis 


quid borat of soda into a solution of sulphat of iron. A’ 


pale yellow powder immediately precipitates, which is 
the salt required. This salt is insoluble in water. Be- 
fore the blow-pipe it melts readily into a globule of 


glass +. 
Sp. 8. Carbonat of Iron. 


_ Lrovrp carbonic acid, when kept in contact with iron, : 


attacks it slowly, and dissolves\a sufficient quantity of 


it to acquire a sensibly chalybeate taste. When eXpo-. 
_ sed to the air, the iron is gradually precipitated in the 
state of black oxide{. This carbonat often exists nas 


tive in mineral waters. It may be obtained also by 


‘precipitating sulphat of iron by means of an alkaline — 


carbonat. In that case itis always in the form of a 
green mass. 
Rust may be considered as an oxy-carbonat of i iron 5 


for it consists of the brown oxide of that metal’ combi+ 


* Scheele, i. 34. . + 1d. Crell’s Annals, i. 114. Engl, Trans. 
$ Bergman, i. 33. 


od 


SE 


ned with carbonic acid. Hence it dissolves in acids 
with effervescence, and when heated gives out carbonic 


acid gas: the residuum in that case is black oxide of 


iron*. From the experiments of Bergman carbonat of 
iron seems to be composed of about 24 acid 
Ny ae : 76 oxide 


a 


100F 
&. 9. Arseniated Iron. 


ARSENIC ACID dissolves iron when assisted by a di- 
gesting heat; and #f the experiment be made in an open 
: vessel, the solution at last assumes the form of a jelly ; 
% but in a close vessel this does not happen. When one 
part of iron-filings and four parts of arsenic acid are 
distilled together to dryness, inflammation takes place, 

and at the same time both arsenic and white oxide of 
arsenic are sublimedt. Arsenic acid, as we see from 
, these facts, is capable, like other acids, of combining 
with both the oxides of iron, and of forming arseniat 
of iron and ox-arseniat of iron. Both of these salts 
have been found native in Cornwall, and have been 
lately described and analysed with great accuracy by 
Bournon and Chenevix. 

1. Arseniat of iron. ‘This salt may be formed by 
pouring arseniat of ammonia into sulphat of iron. The 
salt precipitates in the state of a powder, insoluble in 


Their colour is usually dark green, and their specific 


* Fourcroy, vi. 215. ; ¢ Bergman, it. 392. 
t Scheele, i. 177. “ | 


water. It exists native crystallized in cubes, which in © 
some instances have their alternate angles truncated. 


Chap. IIL. 
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_Book HW. gravity 3 *. When heated, the iron attracts oxygen 

. Diviston EH. 

Co” seo the athe and passes to the state of red oxide, 
while white oxide of arsenic sublimes. This native salt 
is usually contaminated with alittle copper. The artifi- 
cial arseniat, according to the analysis of Chenevix, is 


Composi- composed ad ideas eis a ae ACI 


43 oxide : 
19 water 
EOO ‘oe 
, i i 
bt 


The native (abstracting the impurities) was found 
by the same accurate chemist to be composed of “about 


36 acid bat ae 

52 oxide. i Soph a 

12 water : aun uy 
roo T 


} 2. Ox-arseniat of iron. This salt may. be formed by a 
precipitating? oxy-sulphat of iron with arseniat of am= 
monia, or by boiling the arseniat of iron in nitric acid, 
The native arseniat is sometimes found converted into i 
this salt in consequence of the absorption of oxygen , 
from the air, It has then a brownish-red colour. -Ac+ 
cording to the analysis of Chenevix, the artificial Ox= ‘i 
arseniat is composed of 42.4 acid Pe 


37-2 oxide 
é y sats 20. ‘4. water 
. 100.0] 
4 3 
* Bournon, Pdil, Trans. 1801, p. 190 + Ibid. p. 220, 


$ Ibid. p. 223 
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_&. 10. Tungstat of Tron 


Tas salt hidis native, and is known to mineralogists 
by the name of Wolfram, It may, be formed by preci« 
- pitating sulphat of iron by means of the tungstats. It is 
an insoluble powder, possessing properties similar to 
~ native tungstat of iron. As this native salt contains also 
manganese, and is not therefore a pure tungstat of iron, 
_ it will be proper to defer the description of it to whe 
| SECOND Part of this Work. 


Sp. 11, oes of Iron. 


_ Tue alkaline molybdats, precipitate iron are from 
its solution in acids*, 


Sp. 123 iF Aah of Iron. 


Tar acetous did dissolves iron with rapidity, pros 
~ ducing an effervescence, and, like the other acids, it forms 
~asalt with each of the oxides of that metal; but the 
properties of these salts have not been examined with 
“ attention. , 

Acctite of iron yields by. exepdration crystals’ of a 
_ green colour, in the form of small prisms. It has a 
_ sweetish styptic taste, and its specific gravity is 1.368 +. 
i :. exposure to the air, or by the application of heat, it 
_ is converted into omacetite. _ 

_ Oxacetite of iron is a reddish-brown solation, incapable 
Dor yielding crystals, and assumes the form of a jelly 
4 when evaporated, It is deliquescent. This salt is much 


4 e 


employed by calicoe printers, because it is more easily 


a. 


5 
av 


4 


by 


| _ * Scheele, i. 248. } Hassenfratz, Aun. de Chim, xxxviii. 12 
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_ decomposed than any other of the oxigenated salts of | 


: 
Chap. It, 


1. 
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Book II. 


iron. j 
Piieenipe 1, on. They prepare it either by mixing together sul- 


of acid, which fall to powder when heated. hens: are 
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phat of iron and acetite of lead, and leaving the sctiitton ' 
exposed to the air, or by dissolving iron in an_ impure 
acetous acid, obtained by distilling wood. an yds 
- The acetites of iron are decomposed by “A and the _ 
iron left in the state of black oxide. ah 
Sp. ba adie! toe te ih e 
Oxatic acip attacks iron rapidly, and ‘dissolves it — 
with effervescence and forms a peculiar salt with each 
of its oxides. , ; 
Oxalat is obtained by dissolving iron or its black 
oxide in that acid, and evaporating the solution.” Pris- 
matic crystals of a green colour and sweet’astringent 
taste are formed, very soluble in water with an excess 


composed of ween a 55 acid ; @OI9I at a 


w 45 oxide owe ceEgn 
; Coe rnces ty acy. 4 < : Pt 
199 


Ox i iintvid oxalat may be bbibitied ‘by dissolving red 
oxide ‘of iron in oxalic acid; or by exposing the first salt 
to the air in a digesting heat. It has the form of a 
yellow powder, scarcely soluble in seMias and incapable 
of crystallizing *. i ; ; 

Oxalic acid readily dissolves the oxide of iron. eve 
when combined with gallic acid. Hence it is often used “ | 
fo take spots of ink out of linen; and super-oxalat ‘oy 
potass is usually sold in this country for that purpose, 
under the name of essential salt of lemons. ts 


{ ’ f 


é 


——— ss 


* Bergman, i. 268. 
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Sp. 14. 7 Niet Tron. 


Rhee i 0338: scapislismalues irom effervescence, 
and combines with each of its oxides. 
Tartrite of iron may be formed, according to Retzius, 


by pouring tartarous acid into sulphat of iron, and apply- 
ing heat to the solution. Lamellar crystals are formed, 
sparingly soluble in water, which possess the properties 
of tartrite of iron. 

_  Oxy-tartrite is usually formed when iron is dissolved 
_ in tartarous acid and heat applied to the solution. It 
has a red colour, does not crystallize, but assumes the 
form of a jelly when evaporated. a 
;  Sp.15. Triple Tartrite of Iron. 

Tats triple salt was formerly called tartarised tinca 
ture of Mars, chalybeated tartar, and tartarised iron. 
_ It may be formed by boiling two parts of tartar and one 
~ of iron-filings, previously made up into a paste, in a 


"proper quantity of water. The liquor by evaporation. 


‘ 
t 


4 _deposites crystals, which form the salt wanted. 


Sp. 16. Cithat of Iron. 


@ 
7 


Tats salt han only been examined by Vy Douela, 


‘brown colour, and deposites small crystals of citrat of 


iron. When evaporated, it becomes black like ink, 
: ductile while hot, but brittle while cold. This mass:is 


uble in water. : 
B2 


‘Citric acid dissolves iron slowly; the solution has a. 


evidently oxy-citrat of iron. Itis astringent, and very 


1 
“A 


4h 
% 


cuts 
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Book Il. ‘ : bias wtirsie er 
| a eR Citrat of iron, according to Vauquelin, is composed 
‘ Sag (S000 AEE AERA 2505 y 


3c: 38 oxide | 


100.00 * ‘3 < . 3 


Sp.19-  Malat of Iron 


A BROWN solution not crystallizable +. 
Sp. 18. Gallat of Iron. 


Mr Prous first observed, that the gallic acid teed” 
not occasion any precipitate when poured into salts of 
iron containing that metal in the state of black oxide. 
Hence it follows that the gallat of iron, if it be formed © 
in these cases, is very soluble in water and without co- 
| lour ; but when gallic acid is poured into the aa 4 
os nated salts of iron, the solution becomes black, and a | 
rt black precipitate, composed of gallic acid and red oxide — 
of iron, immediately begins to fall; but it is so very 
fine and light, that the greater part of it remains long 
suspended; and if a quantity of mucilage or syrup be 
mixed with the solution, the precipitate remains sus- 
Writing pended altogether. It is this solution which constitutes — 

writing zaZ. But ink is usually made by mixing the 
sulphat of iron of commerce with a saturated solution 
of nutgalls. Now the sulphat of commerce -is a mix- 
ture of sulphat and oxy-sulphat of iron. That part of - 
- the iron which is in the ‘state of sulphat forms at first 
: Bs a colourless solution, but by attracting oxygen from the 
i atmosphere, it gradually becomes black, Henee the 
reason that ink is often pale-at first, but becomes black 


<= 


. ‘i 7 


* Fourcroy, vii. 209. : + Scheele, Crell’s Annals, ii, 10. Engl. Trans 


| IRON. 


tion of oxygen. 

_ Gallat of iron is soluble in acids without decomposi-' 
tion, but it loses its colour in very strong acids. Hence 
the Bison that these acids destroy the colour of writing. 


Sie 19. Benzoat of Iron. 


Ted is soluble in water and alcohol. It effloresces in the 
air. Heat disengages the acid *. . ist 


Sp. 20. Succinat of Iron. 


- S$uccinic acip dissolves the oxide of iron, and 
eg evaporation small brown transparent radiated 
_erystals + + 

a4 7 a ~ : 

Sp. 21. Prussiated Iron. 


a, e t 
THE combination formed between the prussic acid 


‘and iron has been the object of a great many re- 
3 _ important discoveries. We are indebted to Mr Proust 


“hitherto tried, is capable of forming a Hitch salt with 
each of the oxides of iron. 

a. Prussiat of tron. This balks ee be formed by 
‘pouring triple prussiat of potass into a solution of  sul- 
phat of iron. The salt precipitates in the form of a 
¥ yhite powder. It is -not altered by sulphuric and mu- 
_Tiatic acids. When exposed to the air it absorbs oxygen 
with great rapidity, and passes to the state of oxy- 


* Trommsdorf, Ann. de Chim. xi. 314. 
+ Wenzell’s Verwand. p. 331. 
(B3 


4k Darke salt forms yellow crystals. It has a sweet taste. 


searches, and has given occasion to several curious and 


for the fact that the prussic acid, like all other acids 


2: 


hen asthe writing dries, in consequence of the absorp- Chap. III. 
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Book Il.  prussiat. Oxprausiilie and nitric acids produce. the 
Division II. : 
7 same change. | , 
2. Ouy-prussiat of iron. ‘This aes is Sorted when 
triple prussiat of potass is poured into oxy-sulphat of 
iron, or into the solution of any oxygenated salt of iron. 
; A beautiful blue precipitate appears, which is the salt. 
It is not altered by the acids. Sulphurated hydrogen gas __ 

converts it into prussiat by absorbing oxygen. When it 

is mixed with iron-filings, and kept in water in a close 

0) vessel, it is also converted into prussiat, the iron absorbs. 
ios i ing the-second dose of oxygen from the red oxide *. 


Sp.22. Sebat of fron. 


SEBACIC ACID dissolves iron, and forms with its aide © | 
deliquescent needle-shaped crystals. It does noice: % 
pitate the solutions of iron in sulphuric. and nitric 


acids f. ! a 


Genus VII. SALTS or Tin. 


Tuoucu several of the salts of tin are of great im= ; 
portance in the art of dyeing, and have been known to | 
manufacturers ever since the discovery of the scarlet Ki 
dye, of which the oxide of tin constitutes a necessary — 
ingredient, it is only of late that the nature and con~ ‘ | 
stitution of these salts have been examined with | any A 
kind of precision, and that a satisfactory explanation — 
has been given of the curious properties which some of ib 
these salts possess, and the great changes to which they 
are liable. For the progress which this branch of the 
science has made, we are chiefly indebted to. Adet, Pele 
ee lever, and Proust. : , a 


- *% Proust, dan, a Chim, xxii, 88. + Crell, Pdil, Trans. 1782. ; 


" 


Vm prt! Lh : * 
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Tin, like iron, combines with two doses of oxygen, Chap. lil i 
and forms two distinct oxides, with each of which se- ~~ Bi. 
veral of the acids are capable of combining ; and those 
ich contain the metal oxidated to a minimum are 

ext smely ready to absorb oxygen, and to pass into the — 

state of oxygenated salts. The salts of tin may be dis- 

_ tinguished by the following properties : | 

1. Most of them are more or less soluble in watedy. Characters, 

and the solution has usually a Sonne or browaish 

_tinge. | | 

2. Triple ptussiat wth potass occasions a bieiaes preci- 

- pitate when dropt into these solutions. 1h 
3- Hydrosulphuret of potass occasions a black preci- 

 pitate; sulphurated hydrogen gas, a brown precipitate: 

4. Neither gallic acid nor the infusion of nutgalls 

_ occasions any precipitate. 

/ 5. When a plate of lead is put into’ some solutions of | 

tin, that last metal is separated either in the state of ; 
metal, or of white oxide: but this does not AI Ista . 
a solution of tin. 

6. When muriat of gold is fiodiba into solutions con- : 
i taining tin combined with a minimum of slacks ess ae 
: oo precipitate falls. } 
_ The salts of tin were formerly distinguished by the : 

i ae jovial, because Fupiter was the name by which / 
the alchymists distinguished that metal, : 


: Sp. 1. Sulpbat of Tin. . . | Ag 


_ SULPHURIC aAciD is capable of dissolving tin ; but the 
“properties of the compounds which it forms nes not 
been examined with accuracy. Kunkel, Wallerius, | 
and Monnet, the chemists who have paid the greatest i 

attention to the action of sulphuric acid on tin, attempt- | | a 
| B4 hs, ee 
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Book II. ed the solution by means of heat. In that case the acid — 
Division Il. , . 


1s decomposed, sulphurous acid exhaled, and even sul~ 
phur developed if the heat be long enough continued. 


ates _ The metal is oxidated to a maximum, and the onyosule 
ae phat obtained is not crystallizable ; but when evapora~ | 
‘ | . ted assumes the form of a jelly ; and when water is _ 
y poured into the solution, the salt precipitates in the 

state of a white powder. | | + a 
But 1f the action of the acid is not assisted by heats 


or if tin combined with a minimum of oxygen be dis- 


a Ef 
. solved in it, in either of these cases a su/phat of tin is | 
ae 2 formed, which yields, when evaporated, crystals in the — 
sl ah, form of fine needles, as was observed long ago by Mons 
" | net. . . 


‘ [Sp. 2. Sulpbite of Tin. | | 
THE action of sulphurous acid upon tin has been ex. © 
amined lately by Fourcroy and Vauquelin, during their _ 


. experiments on the combinations which that acid is cas 
fi i | _ pable of forming. When a plate of tin is plunged into | 
i aN liquid sulphurous acid, it assumes a yellow colour, and — 
: . afterwards becomes black. A black powder is precie 4 
. pitated, which is sulphuret of tin. A portion of the acid — 
“is decomposed 5 the tin is partly oxidated, and combined _ 
with the remainder of the acid, and partly precipita- 
ted in the state of sulphuret combined with the sulphur 
of the decomposed acid. There remains in solution a 
sulphite of tin combined with a portion of sulphur 5 s 

for sulphur precipitates when sulphuric acid is added 
: | to the solution*. : 


* Fourcroy, vi. 30. 


TIN, 


Sp. 3. Nierated Tin. 


; 
é Nrrezc: ACID acts) with amazing energy upon tin, 
an poovtetts it into an oxide with the evolution of a_ 
- great deal of heat ; but there seems to be but a. vety 
“feeble affinity between that acid and the oxides of tin, 
- Hence the union which they form is but of transient 
- duration ; the’ oxides separating when any attempt is 
- made to concentrate the solution.. This has been long 
' known to chemists, and has occasioned a variety of ata, 
tempts to make the solution of tin in nitric acid more 
permanent ; but these attempts, as might haye been 
expected, have not been attended with success, 
When nitric acid of the specific. gravity! 1.114 is 
poured upon tin, the metal is dissolved rapidly with ef, 
fervescence and a great elevation of | temperature, which 
ought to be moderated by plunging the vessel contain- 
ing the mixture in cold water. In this case the Oxy- 
gen is chiefly furnished hy. the water, and the tin-ig 


oP therefore, which is of a yellow colour, is a real 
_ nitrat of tin. It becomes gradually opaque, and depo- 
} ites a white powder, which is an oxide of. tingwith a 
a minimum of oxygen, as Proust has demonstrated. This 
i. separates in greater abundance if the solution be 
heated. During the solution of the tin.a quantity of 
; Bee is formed, as Morvean)first observed. When 
 potass is dropt into the liquid, this ammonia becomes 


. 


fi: 

i ‘sensible by its odour. Hence we see that, during the 
se 

solution, both water and nitric acid have been decom- 

posed ; their oxygen combined with the tin, and the 


fpeyarogen of the one uniting with the 4208 of the other, 


ae 


a ~ 3 : Foe 7 
only combined with a minimum of oxygen... The solu-. 


_ formed ammonia. Ifa litle nitric acid be poured in, 


Chap. 11. 
Neennenen) peach 
Action of 


nitric acid 
on tin, 
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ing into combination with nitric acid. When the li- 


“acid is decomposed, its oxygen combines with the tin, 
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and heat — the tin precipitates oxidated to a 
maximum * a 

When nitric acid, of the specific gravity 1.25,°is 
poured upon tin, a very violent action takes place, the — 
metal is oxidated to a maximum, and the whole of it 
separates from the liquid. Hence we see that there is 
no oxy-nitrat of tin; that metal, when combined with 
a maximum of oxygen, not being susceptible of enter- 


quid is evaporated, nitrat of ammonia is obtained. Mor- _ 
veau found, that 1 part of strong nitric acid and 15 4 
part of tin, when treated in a retort, gave out no gas, 
notwithstanding the violence of their action. Upon ex-. 
amining the liquid, he found that the ammonia formed 
amourited to 4, of the weight of the whole +, Hence 
we see that, during the oxidation, both the acid and the 
water are decomposed ; and that they are decomposed 
in such proportions, that their hydrogen and azot com-_ 
bine, and form ammonia, while the whole of their oxy~ — 
gen unites with the tin, ‘a 


Sp. 4.  Muriated. Tin. 


¥ 


Murratic -acip dissolves tin in considerable quantity 
bd ° ° e. e 
when its action is assisted by heat. The water of the 


while the hydrogen is emitted in the form of gas. This _ 
gas has usually a fetid smell, owing, according to Mr i 
Proust, to a quantity of arsenic which it holds in solu-. : 
tion, and which is partly deposited on the sides of the — : 
jars in which the gas is kept. During the solution of _ 
the tin, the arsenic which it usually contains is precipi-. B 


aes 


* Proust, Four. de Phys. li. 173. ¢ Eacyc, Method, Chim. ir 63% oh 
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f: tated in the metallic state in the form of a black pow- Chap. 111, 
der; so that the quantity of arsenic contained in tin 
may be ascertained by dissolving it in muriatic acid, 
provided that portion which is carried off by the hy- 
Atogan gas be also taken into account*., Muriatic acid 

~ combines with both the oxides of tin, and forms with | 

them permanent salts. 

1, Muriat of tin. This 1s the salt obtained by dis. 

solving tin in about four times its weight of muriatie™ + 

acid. The solution has a brownish-yellow colour, and =” 

a yields when evaporated small needle-shaped crystals, | 
soluble in water, and somewhat deliquescent. Their 
specific gravity is 2.2932 +. 

This salt has a strong affinity for oxygen, ost ab- Affinity for 
sorbs it with avidity from the air, from oxy-muriatic “oe 
acid, and from nitric acid, and is converted into oxy- 
muriat of tin, as Pelletier first observed. It absorbs 
oxygen also from arsenic acid, and the white oxide of 
arsenic. When these bodies are treated with muriat of 
tin, they are precipitated, completely deprived of oxy- 
gen, in the state of a black powder. Molybdic acid and 
B, yellow oxide of tungsten, or their combinations, when 
dropt into a solution of muriat of tin, immediately as- 
sume a blue colour, being changed into oxides with a 


TT 


minimum of oxygen. ‘The red oxide of mercury, thes” 
black oxide of manganese, the white oxide of antimony, | 


- the oxides of zinc and of silver, are likewise deprived of 
their oxygen by this salt, and reduced to the metallic 
state. The oxygenated salts of iron and copper are al- 
| if 0 reduced to salts with a minimum of oxygen, and the 


* Proust, Jour. de Phys. li. 17 5 " 
{ Hassenfratz, dan. de Chim, xxviii. 12. 
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Pt ae ae muriat of vidi cecasions a purple precipitate, consist 

ay ing of gold reduced to the state of purple oxide. For — 

these interesting results we are indebted to Pelletier and 

Proust. , They afford a sufficient key to explain all the 

singular changes produced upon the greater number of 

metallic salts by this muriat *. | 

2. Oxy-muriat of tia. This salt may be formed ve~ 

ry conveniently by the process first proposed by Pelle- 

‘tier, which consists in causing oxy-muriatic acid gas to — a 

pass into a solution of muriat of tin till it be saturated, 

* and then to expel the excess of acid by heat. But it 

was known long before this process was thought of, 

and was usually distinguished by the name of smoking 

- liquor of Libavius; because Libavius, a chemist of the 

Prepara- 16th century, was the discoverer of it. When equal 

parts of amalgam of tin} and oxy-muriat of mercury 

are triturated together, and then distilled in a retort 

with a very moderate heat, there passes first a colour- 

tess liquid, consisting chiefly of water, and afterwards a 

white vapour rushes all of a sudden into the receiver. 

This vapour condenses into a transparent liquid, which 

exhales a heavy dense smoke when exposed to the air, 

but does not smoke when confined in close vessels. This. 
is the fuming liquor of Libavius, or oxy-muriat of 

tin. beng ue 

The theory of the process is obvious: The tin ab= 

stracts oxygen from the mercury, and at the same time | 

combines with the muriatic acid. Muriats of TAGE SUNS) 

and of tin are also formed, and line the neck of the re« 


tort mixed with a quantity of pure mrescungs ; and there 


* Pelletier, An. de Chim. xii. 225.—Proust, Four. de Phy;. li. 173. 
+ Composed of two parts of tin and one of mercury. 


ree, Fay? at bd 


remains behind an amaloam of tin, covered with a crust Chap. III. | 
of muriat of tin*, It had-been long known that this | i ae 
"liquid contained muriatic acid and tin; but Adet was : we 
the first who demonstrated that the tin was oxidated Be) 
_ to a maximum, and that therefore the salt was an oxy- ‘ f | 
muriat of that metal+; and his conclusions were afters ; ae 
wards confirmed by Pelletier f.°°4 1» ' . ee 
The white smoke constantly exhaled by this salt, pre- | Py 
pared according to the process of ,Libavius, has also 
been accounted for by. Adet. The saltis nearly desti- 
tute‘of water, and in this state it is exceedingly volatile. 
_ The vapour as it rises combines. with the vapour ofthe © i 
: Pipa paveve and the smoke appears at the moment of WN 
- the combination: When the salt is confined in a glass 
jar, either in moistened air or standing: over water, it 
condenses gradually on the sides of the jar in the form 
of small crystals, having imbibed the water necessary ; 
* for its crystallization from the air. When thrown into P 
water, this substance produces heat, and at the same 
time dissolves if the quantity of water be sufficient. A- 
det ascertained, that when 7 parts of water are mixed a, 
with 22 parts of fuming muriat, the mixture condenses _ | ah 
- into a solid) mass. This mass melts like ice when ex- eo 
posed to heat, and condenses again when cooled and a~ ae 
) gitatéds. |: ee 
Oxy-muriat of tin. is capable of dissolving an addi-. © ‘ 
- tional dose of tin without effervescence or the exhala- 
- tlon of gas, and by that means is converted into muriat a 
ifs bes tin. The new portion of tin in this case deprives 
h. “the tin of the oxy-muriat of its second dose of oxygen. 4 
- Adet, however, found, that this solution did not suc. é Bigs 
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2 . ) 4 
. yo 7 . 

wey ; ithe } 

= ad ¢ <4 a 


i sie ds 
) i Ke ae 
Ru 
39 SALTS OF 
Bia? nga ceed except in the oxy-miuriat, rendered solid by mix+ — 
Re i 0 | 
ce ‘—-——_ ture with water, and then liquefied by heat*, 


Liquid oxy-muriat of tin yields by evaporation small 
erystals ; and when heated sublimes in the same man- 
ner as fuming muriat. This salt is employed by dyers 
in great quantities, as it forms the basis of the scarlet 
dye. They usually prepare it by dissolving tin in ni- 
tro-muriatic acid; the consequence of which is, that the 
nature of the solution varies according to the propor= 
tion of the acids and the manner of dissolving the tin, 
In some cases, it is merely a muriat; in others, an oxy= 
muriat; and, generally, it consists of a mixture of the | 
two. Hence the difficulty of which dyers complain of 
forming with this solution the same shade of colour in 


’ different circumstances. This would be ina great mea=- 


sure remoyed by preparing the salt achonding to the 
process recommended by asia 


Sp. &. Phosphat of Tin: 


bi 
a 


-Puospuortc acip has scarcely any action on tin un~ 
less when it is exposed dry and mixed with that metal 
to the action of a strong heat. In that case, part of 
the acid is decomposed; its phosphorus combines with 
one portion of the tin and forms a phosphuret, while _ 
the oxide of tin unites with the undecomposed acid and | 
forms a phosphat +. This salt precipitates also when — ; 
the alkaline phosphats are mixed with a solution of mu- Be | 
riat of tin: but its properties have never been exa~ 4 


i). 


» 


mined, 


* Ann. de Chim. i. 162 
+ Pelletier, dan. de Chim, xiii. 16. 
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. a Oe ed 0 Chap. It. | iyi 
Sp. 6. Fluat of Tin. | ) Naame pened : : i } 
Fivoric Acrp does not attack tin; but it dissolves its 
oxide, and forms with it a gelatinous solution, which | 
has a strong disagreeable taste *. This fluat may be ae 
formed also by mixing together an alkaline fluat and’ | Ce 
the muriat of tin, ; 


Sp... Borat of Tin. 
-Boracic ACID does not attack tin’ but dcoondinis : 
to’ Palm, equal parts of tin-flings and: boracic acid, ‘ 


melted together and dissolved in water, yield by eyapo- 
“ration transparent white polygonous cag 


Sp. 8. Carbonat of ee 


As far as is known at present, the oxides of tin do 
not combine with carbonic acid. Bergman failed in his ee i. 2 
endeavours to combine carbonic acid with the oxides of 
tin +; and when precipitated from their solution in 
acids by alkaline carbonats, he found that their weight 
received scarcely a perceptible increase ¢. Nor have the 
attempts of Proust to combine it with carbonic acid 
been attended with more success §. 

. Sp. 9. Arseniat of Tin. 

WHEN tin is treated with arsenic acid in a digesting | 
heat, it is slowly oxidated at the expence of the acid, | 
and the solution at last assumes the form of a gelati- 
nous mass. Arsenic acid precipitates tin from ‘acetous 


. ; ' AA: We 

acid, and the alkaline arseniats occasion a precipitate 2 
_—s ® Scheele, i. 3.4. ft Opuse.i. 376 t Ibid. ii. 392. 

a -§ Four. de Phys, lis 167. eee : 
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when poured into. muriat of tin. The precipitate is a 
arseniat of tin in the form of an insoluble powdery 
which hitherto has not been examined *, 

; Re tiv Ps 
> Sp.10.. Acetite of Tin. 7 

AcETOUS ACID attacks tin very slowly, even when 
assisted by heat, and oxidates and dissolves only a small 
portion of it. [he spontaneous action of this acid on 
tin vessels, when in the state of vinegar, has been lately 
examined by Vauquelin. The. subject was of impor- 
tance, because vinegar is usually measured out in tim 
vessels. Now, as these vessels contain always a little 
lead, and as the salts of lead are all poisonous, it wasof 
consequence to determine whether the vinegar acted on 
the vessel, and if it did, whether its action was confined 
to the tin or extended also to the lead; because in this — 
last case the vinegar would be converted into a poison. 4 
The result of his investigation was, thatasmall portion _ 
of tin was dissolved, and that when the lead exceeded 
the sixth part of the tin, a small portion of it was also 
dissolved at that part of the vessel only which wasin  ~ 
contact both, with the vinegar and the air +. ‘3 

When acetous acid is boiled upon tin, the metal is 
gradually dissolved, combining with oxygen at the ex- 


» 
; 


pente of the water. The solution has a whitish colour, — 
and yields by evaporation small crystals. This fact, 
first mentioned by Lemery, had been denied by Monnet, i 5 
Westendorf, and Wenzel, who could only obtain from 
ita gummy mass. But Morveau established the truth — 
of Lemery’ s observation, by crystallizing acetite of tin: 


- “ 


* Scheele, i. 180. + Ann, de Chim. xxXi. 243. 
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by spontaneous evaporation *. It is easy to account for _ Chap. IIL 
ee esl 


the different results obtained by these chemists. The 

crystals were no doubt acetite of tin, the gummy mass 
; t 

oxacetite of tin. 


Sp. 11. Oxalat of Tin. 


Oxatic acip attacks tin when assisted by heat. The 
metal is first blackened, and is then covered with a 
white crust of oxide. The solution, which has an au- 


* _ stere taste, by slow evaporation yields prismatic crystals; 


but when evaporated rapidly by means of a strong heat, 


_ it leaves a mass resembling horn +. 
7 . 


; 


. Lee ng 
re . : 
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Sp. 12: Tartrite of Tin. 


Tae tartrite of tin has never been examined by che- 
mists. The acid does not attack the metal, but it dis- 
solves the oxid of tin. >! 


Sp. 13. Tartrite of Potass-and-tins 


Tuts triple salt may be formed by boiling together 
tartar and the oxide of tin in water. It is very soluble, 
and therefore its solution crystallizes with difficulty. 
No precipitate is produced in it by the alkalies or their 
carbonats <. 


vs a Ti Benzoat of Tin. : 


_ NEITHER tin nor its oxide is soluble in benzoic 
acid; but when benzoat of potass is poured into™a 
solution of tin in nitro-muriatic acid, benzoat of tin pre- 
cipitates. It is soluble in water by the assistance of 


x * Encycl. Method. Chim. i. 23. - + Bergman i. 269. 


j Thenart, Aza. de Chim, xxxviil. 35. 
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heat, but insoluble in alcohol, and decomposed by the 
action of heat *. 


Sp.15. Succinat of Tin. 


Succinic actp dissolves the oxide of tin when 
assisted by heat. The solution by evaporation yields 
thin, broad, transparent crystals +. 


Sp. 16. Sebat of Tin. 


- Try, by the action of sebacie acid, is: corroded into 
a yellow powder, especially if heat be applied. The so- 
lution is turbid, and deposites gradually a yellow pow- 
der, acquiring at the same time a fine red colour, 
When the yellow powder is dissolved in water, a white 
deliquescent salt is obtained {. £: 


oe 


Genus VIII, Sau ts or LEApD. 


THouGs lead be one of the most abundant and use- 
ful metals, though it has been known from the earliest 
ages, and though it is without difficulty dissolved by the 
greater number of acids, its salts have not hitherto been 
much examined by chemists. This is to be regretted ; 
because the various degrees of oxidation of which it is 
susceptible, afford an excellent opportunity of ascer- 
taining how many different salts it is capable of forming 
with each peculiar acid; and this once known, would 
probably lead to some general conclusions concerning 
the different classes of metallic salts. ‘The salts of lead 
were formerly distinguished by the name of saturn, the 


* Frommsdorf, Ann. de Chim, xi. 315. + Wenzel’s Verwand, p. 337. 
t Crell, Phil. Trans. 1783. 


LEAD. 


title by which lead was known among the alchymists. 
They may be distinguished by the following properties : 
1. A considerable number of them are scarcely so- 
_ Juble in water without an excess of acid. “These be- 
fore the blow-pipe yield very readily a button of lead. 
2. The solution of the soluble salts of lead in water is 
generally colourless and transparent. 
3. They have almost all less or more of a sweet taste, 
accompanied with a certain degree of astringency. 
4. Triple prussiat of potass occasions a white preci- 


‘pitate when poured into solutions containing salts of | 


ead. 


4, 


tipitate. The same precipitate is "produced by sulphu- 
rated hydrogen. 


~ 6. Gallic acid and the infusion of mitgalls occasion 


a white precipitate. ‘ay 
4, A plate of zine kept in a Solution of lead sectatoy 
_ either a white precipitate, or the lead ene in its me- 
tallic state. 

Though lead is susceptible of combining with several 
doses of oxygen, it does not appear that each of iis 
oxides is capable of combining with acids. *As far as 
is known at present, it is only the oxides containing a 
minimum and maximum of oxygen that possess that 

property. Note of the attempts to combine the red 
oxide of lead with acids have been attended with suc. 


cess. - The white oxide combines with all acids hither- | 


to tried; only the salts formed by means of that oxide 
have been hitherto examined: the combinations of the 
_ brown oxide have been almost completely overlooked. 
At present, therefore, we are acquainted with but few 


oxygenated salts of lead. | 
‘a ern hia 


gl ts nel 


5. Hydro-sulphuret of potass occasions a black pre- 
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Sp. 1. Sulpbat of Lead. | fi 


SULPHURIC ACID, does not, attack lead while cold ; « 


but at a boiling heat it communicates a portion. of its 


oxygen, sulphurous acid gas is emitted, and the whole 


is converted into a thick white mass, which is sulphat 
of lead. It may be obtained readily by pouring sul- 
phuric acid into acetite of lead, or by mixing this last 
salt with any of the alkaline sulphats.. The sulphat of 
lead precipitates in the state of a white powder... This 
salt has but little taste. - Its specific gravity is 1. 8742*, 


According to Kirwan, it requires 1200 parts of water 
to,dissolve it+. But when it contains an, excess of 


acid, it is more soluble, and yields by evaporation small 
white crystals, which, according to Sage, have the form 
of tetrahedral prisms. _ It is found native. crystallized, 
according to Kirwan, in four-sided oblique angled 
prisms }{, according to Hany, in regular octahedrons §. 


‘It is insoluble in alcohol and in acetous a 


. According to the experiments of Kien it is com- 
*posed Ofc caus, s. 4 nase C3eaTeRCd u 
m5. 00 white oxide 
1.63 water 


> 100.00 


And 100 parts of it contain exactly 71 parts ire lead i in 
the metallic state **. | 

In close vessels this salt endures a considerable heat 
par det | Tid 


* Hassenfratz, Ann. de Chim. xxviii. 12, | 
+ Mineralogy, ii. 211. 

¢ Kirwan’s Min. ii. 211. 

§ Sour. de Min. An. v. p. 508. 

% * Kirwan on Mineral Waters, Table iv. Ea 
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without alteration; but on charcoal it melts, and the Chap. IIL. 


lead is quickly reduced. This salt is sometimes em- 
ployed as a paint instead of white lead or me white 
dion of lead. } 


\ 


__ Sp. 2. Sulphite of Lead. 


SuLPHUROUS ACID has no action whatever on lead. 
It absorbs oxygen from the red oxide of that metal, and 
is converted into sulphuric acid. But it combines with 
the white oxide of lead, and forms) with it a sulphite, 
which is in the state of a white powder, insoluble in 
“water, and tasteless. Before the bloMMpI pe; on charcoal, 
it melts, becomes yellow, and the lead: is at last re- 


duced. When heated in close vessels, it gives out wa- 


_ ter, sulphurous acid, and sulphur, and is converted into 
sulphat of lead *. Pod : 


Sp. 3. Nitrat of Lead. 


‘Nitric actp dissolves lead readily when not too 
‘much concentrated. The effervescence which accom 
panies the solution is occasioned by the emission of ni- 
trous gas. The white extde of lead is dissolved by ni- 
tric acid completely, and without. effervescence ; but 
the red oxide is rendered white ;' Sths of its weight are 
dissolved, and 4th is converted into brown oxide, and ° 
remains undissolved+. Hence we sce that ‘it is’the 
white oxide of lead only which ‘combines with nitric 


acid. Six-sevenths of the red oxide are decomposed ;. 


their excess of ‘oxygen combines with the remaining 
seventh, and converts it into brown oxygen, while 
their base of white oxide combines with the © ad: 


ne eee 
—————— 


¥ Fourcroy and Vauquelin, Connaissances Chimiques, vi. 86. - + Proust, 
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The solution of lead in nitric acid yields by evapog! 


——\———_-« Fatlon transparent crystals, in the form of tetrahedrons 


truncated near their base, aud likewise of six-sided 


truncated pyramids, having their faces alternately large, 


and small*. ‘These crystals have a sweet and at the 
same time an acrid taste. Their specific gravity is 
4.068+. They are-very soluble in water, like all the 
nitrats. When heated they decrepitate, and then un- 
dergo a kind of detonation, emitting very brilliant 
sparks{. When they are trituated with sulphur in a 
hot mortar, a feeble detonation is produced, and the 


lead is reduced to the metallic state}. ‘hae 


This salt'is decomposed by the alkalies, which com- 
bine with its acid, while the white oxide of lead is pre- 
cipitated. Sulphuric, sulphurous, and muriatic acids 
combine with its base, and the new formed salt precise 
pitates in the state of a white powder. 


Sp. 4. Murtated Lead, 


- MouriatTic actp attacks lead when assisted by Bent, 


‘atid oxidates and dissolves a portion of it ; but its ace 


tion is feeble and limited. It combines readily with the 


white oxide of lead.) When poured upon the red oxs 
ide, it is converted partly into oxy-muriatic acid by the 


assistance of heat, while the lead, reduced to the state 
of white oxide, combines with the remainder of the 
acid ||. Thus we see that muriatic acid combines usu- 
ally with white oxide of lead, and that: it is incapable 
of combining with the red oxide of that metal ; but the 


* Rouelle. + Hassenfratz, Ann. de Chin. xxviii. 12, 
¢ Bergman, ii. 470. § Van Mons, Ann. de Chim. xxvii» 81. 
{| Fabroni. 


* 
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_ experiments of Proust and Vauquélin have proved that 


it is capable of combining also with the brown oxide, 
and forming an oxy-muriat of lead. n 


1. Muriat of lead. ‘This salt may be formed rea- 


‘dily by pouring muriatic acid or an alkaline muriat 


into a solution of nitrat of lead. The muriat precipi- 
tates in the state of a white powder. It has a sweet- 
ish taste. Its specific gravity is 1.8226*. It is so- 
luble in 22 parts of cold water, and this solubility is 
increased considerably by the presence of an acid}. It 
is soluble in acetous-acid ; a property by which it may 


_ be readily distinguished from sulphat of lead. When 
its solution in boiling water is allowed to coolj the salt 


erystallizes in very small six-sided prisms of a white 
colour, and brilliant appearance like satin. These-cry- 
stals are not altered by exposure to the air. .When 
heated they melt readily, and when cold assume the 
appearance of a semitransparent, greyish-white mass, 
formerly distinguished by the name of plumbum cors 
meum. When exposed to a strong heat, they partly 


evaporate in a visible white smoke, and there remains: 


behind a submuriat of lead; a substance which seems 
to have been first examined by Bergman}. ” 
. This salt, according to Klaproth, is ‘composed of 
ADOWET 2 97 ie 1.7 ng. s acid 4 

86.5 oxide 


100.9$ ., 


——————.:_.0O0'0— f 


* Hassenfratz, Ann, de Chim, xxviii. 12. 
+ Chenevix, Nicholson’s ‘Four. iv. 223. 
¢ Bergman, il. 470. and iii. 325. 

§ Beitrage, it, 275. : 
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Book i. According to Kirwan, the crystals are composed. of 
Division II. , rag 
‘hi 18.23 acid | 
81.77 oxide. 
sire itl th 
~ 100,00 


And the salt, when dried, of 17, acid 
83 oxide 


100 * 

. According to’ this calculation, we may. consider 109 
parts of the crystallized salt. as contaiming 76 parts of 
lead in the metallic state. nt 

\:2+ Oxy-muriat of lead... When the red oxide of Lad 
is put into a Woulfe’s bottle with water, and oxy-mu- 
riatic.acid gas.is made to pass through it, the gas is ab- 
sorbed, while the oxide acquires a brown colour, and 

is gradually dissolved... For this curious experiment we 
are indebted to Mr Proust. In this case the lead ab- 
sorbs oxygen from the acid, and from a. portion of the 
red oxide also, which is converted into white oxide, and 
combines with the muriatic acid as it is: developed ; 
while the brown oxide, thus formed, combines with new 
oxy-muriatic acid, and is thus dissolved. The proper- 
ties of this supér-oxygenated salt have not been exami-. 

» ned. . It isnot even known whether it canbe crystalli« 
zed. Its crystals, if they could be formed, would cer- 
tainly be curious, as they would contain a much great- 
er proportion of oxygen than any other metallic salt 
whatever. The solution does not crystallize spontane- 
ously ; and when evaporated, the acid is apt to fly off, 
and the brown oxide to be precipitated: 


Formation, 


* Kirwan On Mineral Waters, Table iv. 
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Sp. 5. Phosphat of Lead, 


-,Puosruortc acrp has but little action on lead ; how- 
ever, when allowed to remain long im contact with it, 
the metal is partly oxidated and converted into an inso= 


luble phosphat. The phosphat of lead may be easily 
formed by mixing the alkaline phosphats with nitrat of. 


lead... The, salt immediately precipitates:in the state of 
an insoluble, powder, | 


Chap. 11, 


The ‘salt is.found: native in different parts of the - 


world. “Its colour is then usually green or yellow, and 
it is often crystallized in six-sided prisms. «It is inso- 
luble in water unless there be'a considerable ‘excess of 
acid ; but it is soluble in pure soda, and probably forms 
with it a triplé ‘salt *} “When heated it melts, and as- 
sumes on cooling a recular polyhedral form. oIn a red 
heat it is decomposed by charcoal, which absorbs the 
oxygen from both | of its component parts, The sul- 
phuric, nitric, and muriatic acids, decompose it by aba 
stracting its base while cold ; but these decompositions 
do not take place in a strong heat. " 


The yellow phosphat of lead, from Leadhills in Scot- 


land, is composed, according*to. my analysis (abstract- 


ing the impurities’ with which it is nth mixed) of 
nk’ 18 acid 
82 white oxide 


; P : 


100 
8p. 6. Fluat of Lead. 


Fxivoric acrp has no action on lead; but it dissolves 
Y ‘ 3 | 


* Vauguelin, Four. de Min. No. 9. p. 6. 


Composi~ 
tion. 


aS 


Book If. 
» Division H. 


SALTS OF 


a small proportion of the white oxide of that metal 
when there is an excess of acid. But the fluat of lead, 
formed by saturating the acid, is an insoluble powder, 
which melts easily before the blow-pipe, and lets go its 
acid. The acid is driven off also by sulphuric acid *. 


Sp. 7. Borat of Lead. | 


Boracic acip has no action on lead ; but borat of 
lead is precipitated in the state of white powder when 
borat of soda is mixed with nitrat of lead. When one 
part of boracic acid is melted with two parts of red oxs 
ide of lead, the product, according to Reuss, is a greeny 
ish-yellow, transparent, hard, insoluble glass +. ‘ 


Sp. 8. Carbonat of Lead. 


CARBONIC ACID has no action on lead; but it coms 
bines readily with its oxide. Carbonat of lead is most 
easily obtained by precipitating lead from its solution 
in nitric acid by the alkaline carbonats. By that pro- 
cess it ig obtained in the state of a white powder. 

This salt occurs native in abundance. In that state 
it is usuall¥ white, and has a good deal of lustre: Its 


_specific ‘gravity is 7.23541. It is sometimes crystalli- 


zed in six-sided prisms, terminated by’ six-sided pyra- 
mids, and sometimes in regular octahedrons{. It is in- 
soluble in water. ‘When exposed to the action of the 
blow-pipe upon charcoal, the lead is immediately redue 


_ éed to the metallic state. 


* 


* Scheele, i. 33. + Reuss de Sale Sedative, 
¢ Bournon, Nicholson’s Journal, iv. 230, 
§ Hauy, Four. de. Min. An. v. p. 50% 


ee 
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b aclnitgs of lead, according to the experiments of Chap, IIt 
B cana aimenanall 
| ‘lig is composed of 16 acid Composie 
84 white oxide aa 


100 * 


This result nearly coincides with the experiments of 
Chenevix, who found carbonat of lead to he rompooed 
WO Mise Cis Rees y\ 0 TORTS acid 


85 oxide 


a 


root 


According to Bergman, 132 parts of carbonat of lead 
gontain 100 parts of metallic lead. 


Sp. 9, Arseniat of Lead. 


ARSENIC ACID attacks lead ina digesting heat, com- 
municates a portion of its oxygen, and converts it into 
arseniat of lead in the state of an insoluble white pow- 
der. When arsenic acid is poured into the solution of 
lead in nitric, muriatic, or acetous acids, arseniat of lead 
precipitates in powder, When this salt is heated it 
melts; and if charcoal be thrown into the mass while 

"in fusion, arsenic is volatilized, and the lead is reduced; 
the charcoal abstracting the oxygen from both of the 
component parts of the salt. 7 > 

Arseniat of lead is completely Sette in water, 
Tt has been found native. According to the analysis — 


ef Chenevix, it 1s composed of 33 acid + Compose 
63 white oxide a 
4 water 
. 100 t 1 


orp : - = 


* Bergman, ii. 393. t Nicholson’s Journal, iv. 22%. 
{ Pbit, Trans. 1801, p. 199. 
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Sp.10, Molybdat of Lead. 


Tue action of molybdic acid on lead has not been 
tried; but Scheele ascertained, that when dropt into the 
solution of lead in nitric or muriatic acid, molybdat of 
lead was immediately precipitated*. This salt occurs 
native in Carinthia. Its composition was first detected 
by, Klaproth. Ri. 3 

It has a yellow colour, and is completely insoluble in 
water. Its specific grayity is 5.706+. Its crystals 
are cubic or rhomboidal plates. When heated, it de- 
crepitates and melts into a yellowish mass. It is solu- 
ble in fixed alkalies and in nitric acid. Muriatic acid 
decomposes it by the assistance of heat, and carries off 
the lead. According to the analysis of Klaproth, it is 
composed of about... 34.7 acid 

| | 65.3 oxide 


190.0 T 


Sp. 21. Chromat of Lead. 


v PRES salt may be formed by mixing together the so-+ 
lutions of nitrat of lead and an alkaline chromat. The 
chromat of lead, in that case, precipitates in the state of 


-ared powder; but it exists native, and is indeed the 


compound from which chromic acid is usually ob- 


tained. | 
Its colour is red with a shade of yellow ; and its cry- 
stals aré four-sided prisms, sometimes terminated by 


four-sided pyramids. TIis specific gravity is about 6, 


Semen ae tanat 


# Scheele, i. 246. 4 Hatchett, Phil, Trans. 1796. 
} Beitrage, i, 275, . 


. 
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Itis eae in water, but sible in the fixed alkalies 


without decomposition. | Nitric acid also, dissolves it ; 
but muriatic and sulphuric acids decompose ic, precipi. 
tating the lead in the state of muriat or sulphat. | Ac- 
cording to the analysis of Vauquelin, it is composed of 
BODE sity pysrs cme oto eeen ged acid 

i. 65.1, oxide 


aE SEE TOS 


100.0 * 
Sp. 12. Acetite of Lead 


_AcETOoUS ACID, as’Vauguelin has. shewn, does not 


attack lead in close vessels ; but it occasions its* oxida-, 


tion when the lead is in contact both with the acid and 
the air, and the oxide is dissolved as it,forms. The 
acetite of lead which is produced, by this ,solution has 
been long known. It is mentioned by Isaac Hollandus 
and Raymond Lully. It received formerly a great va- 
riety of names; such as, sugar of lead, sugar of Saturn, 
salt of Saturn, vinegar of Saturn, extract of Saturn, &c, 
The solution of lead in acetous acid was strenuously re- 
commended by Goulard, a surgeon of Montpelier, as 
an excellent application in cases of { inflammation, Hence 
it is often called Goulard’s extract. y 


- 


This salt is employed in considerable quantities — 


dyers and. calico. printers. They mix it with alum or. 


with sulphat of iron, and by that means. compose ace- 
tite of alumina or.of iron, according to the process ; 


- galts which answer much better as mordants for fixing 


their colours than alum or green vitriol. It.is prepared 
in. considerable quantities both in this country and in 


# Sours de Min. No. xxxiv. p. 760, 
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Holland and France. The manufacturers distil their 
own acid in England and Holland from sour beer, and 
in France from sour wine. The different processes fol« 
lowed by manufacturers have been described by We- 
ber and Machy, and more lately by Pontier *. 

These processes may be reduced to two; either lead 
in the metallic state is exposed to the action of the ace- 
tous acid, or the oxides of lead are dissolved init. In 
the first case, thin plates of lead are put into earthen 
vessels along with acetous acid: The portion of the 


_lead near the surface, as soon as it is eovered with a 


coat of oxide, is removed to the bottom of the vessel, 
and new plates are brought to the surface. These are 
Incrusted in! their turn, and removed to the bottom, 
where the oxide is dissolved. This change of place is 
continued daily till the acid has dissolved a sufficient 
quantity of lead; It is then filtered,‘ and sufficiently 
concentrated by evaporation. As it cools, the acetite ei 
lead precipitates in small crystals. | 
Other manufacturers dissolve the white oxide of cha 


j prepared by exposing the metal to the fumes of vine- 


gar; or they make use of litharge in its stead, and the 
solution is evaporated in the usual way till the salt cry- 
stallizes. This process is considered as more expensive 
than ‘the other: But might not native carbonat of lead, 


“ which is found abundantly in many places, be employed 


with advantage instead of these artificial oxides ? 
Avcetite of lead is usually in the form of small needle. 
shaped crystals, which have a glossy appearance like 
satin, and are flat four-sided prisms, terminated by di- 
hedral summits. , Its taste is sweet and somewhat astfin- 


al 


#® Ann. de Chim. xxxvii: 268. 


LEAD. 


| 
gent. Its specific gravity is 2.345%. It is but spa- 
tingly soluble in water, unless there’ be an excess of 
acid. When exposed to the air it becomes yellow, but 
undergoes no farther change. Heat decomposes it. 


When distilled, there comes over an acid liquor, which 


is the acetous considerably altered; and the residuum, 
according to Proust, often takes fire spontaneously when 
exposed to the air, This salt is decomposed by all 
those/acids and their compounds, which form with lead 


a salt nearly insoluble in water ; as the sulphuric, phos-. 


phoric, muriatic, fluoric, oxalic, malic, &c. 
Sp.13. Oxalat of Lead. 


Oxatic acrp blackens lead, but it is scarcely capable 
of dissolving it; but it dissolves its white oxide, and 
when nearly saturated deposites small crystalline grains 
6f oxalat of lead: The same crystals are precipitated 
when oxalic acid is dropt into the nitrat, muriat, or 2- 
eetite of lead dissolved in water. They are insoluble 
in alcohol, and scarcely soluble in water, unless they 
contain an excess of acid. They are, composed, ac- 
cording to Bergman’s analysis, of about 

41.2 acid 
58.8 oxide 


100.0F. 


Sp. 14. Tartrite of Lead. . 


TARTAROUS ACID has no action on lead; but it com- 
bines with its oxide, and precipitates tartrite of lead in 
the state of an insoluble white powder, from the nitrat, 

ee 


* Hassenfratz, dan. de Chim. xxviii. 12. + Bergman, i. 267. 


Chap. IIL. 


Pr: 


Book Il. 
Division I. 


SALTS OF | 


muriat, and acetite of that metal. According to the 


\umri—nied analysis of Thenart, it is composed of 


34 acid 
66 white oxide 


100 *. 
Sp. 1 S- Tartrite of Potass-and-lead. 


Tuis triple salt may be formed by boiling tartar rand 
oxide of lead together in water. . Thenart informs. us 
that it is insoluble, and that it is neither decomposed by 
alkalies nor by sulphate t- 


Sp. 16. Malat of Lead. 


Matic acip does not attack lead ; but when poured 
into a solution. of lead in nitric or acetous acid, malat of 
lead is immediately precipitated =; and. likewise, as 
Vauquelin has observed, when acetite of lead is poured 
into a solution containing malat of lime., This precipi- 
tate is easily distinguished by the form of fine light 
flakes which it has, and by the facility with which it is 
dissolved | by the acetous and weak nitric acids §. 


Sp. 17. Lactat of Lead. 


Lactic actp, when digested upon lead for several 
days, dissolves it. The solution has a sweet and astrin- 
gent taste, and does not crystallize ||. 


Sp. 18. Mucite of Lead. 


WHEN mucous acid is dropt into the solution of lead 


* Ann. de Chim. xxxviii. 37. + Ibid. p. 36. 
} Scheele, Crell’s Anzals, ii. 7, Engl. Transl. 
§ Ann, de Chim, xxxv. 155 | Scheele, ii. 66. 


LEAD. 49 
in muriatic or nitric acids, a white insoluble precipitate Chap. IIL 
° * Nome passe J 
is produced *, 


Sp. 19. Benzoat of Lead. 


Benzorc actp dissolves lead with difficulty. The 
solution yields by evaporation crystals of benzoat of 
lead of a brilliant white colour, soluble in alcohol and 
water ; not altered by exposure to the air, but decom- 
posed by heat, which drives off their acid. The sul- 
phuric and muriatic acids separate the lead f. 


Sp. 20. Succinat of Lead. 


SuccInic AcID scarcely attacks lead, but it dissolees: 
its white oxide; and the solution, according to Wenzel, 
yields long slender foliated crystals f. 


Sp. 21: Sebat of Lead: 


SEBACIC ACID oxidates lead, and dissolves a good deal 
of its oxide. It precipitates lead from its solution in 
nitric and acetous acids in the form of white needle- 
_ shaped erystals, soluble in water and in acetous acid §. 


Genus IX. Sauts or NICKEL; 


THE scarcity of nickel, and the difficulty of obtain- 
ing it in a state of purity, have hitherto prevented the 
possibility of an accurate examination of the combina- 
tions which its oxide forms with acids. The salts’ of 
nickel, therefore, are at present but very imperfectly 


* Scheele, ii. 80. + Trommsdorf, Azz. de Chim. xi. 316. 
t Wenzel’s Verwand, p. 322. § Crell, Phil. Trans. 1732, 
Vor. III. : D 
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ag Wwh: They may be distinguished by the following 


properties : 
1. Its salts are ia general soluble in water, and the 
solution has a beautiful green colour. 
2. Triple prussiat of potass, when dropt into these 
solutions, occasions a precipitate of a dull green colour. 
Ryd ale eee of potass occasions a black 
precipitate. 
4. Sulphurated hydrogen gas, according to Proust; 
occasions no precipitate. 
5- Gallic acid, and the infusion of nutgalls, occasion 
a greyish white precipitate. 
6. Iron, zinc, tin, manganese, or cobalt, when plun- 
ged into these solutions, occasion a precipitate of nickel 


‘in the metallic state. 


Sp. 1. Sulpbat of Nickel. 


SULPHURIC ACID attacks nickel by the assistance of 
heat. When distilled over it to dryness, there remains 


behind a green mass soluble in water, and yielding by 


dissolves the oxide of nickel with facility, and yields 
by evaporation the same salt. The sulphat of nickel 
has a fine green colour, and crystallizes in decahedrons 
composed of two four-sided pyramids applied base to 
base, and truncated at their apexes*. Fourctoy in- 
forms us that he has seen this salt, prepared by Leblanc, . 
crystallized in large four-sided rectangular prisms. ; 


Sp. 2. Mitrat of Nickel. 


NITRIC ACID dissolves nickel or its oxide when’ as* 


* Bergman, ii, 268. 


‘evaporation crystals of sulphat of nickel. his acid 


ae, 


4 


- 


4 Ag 7 
ae 
: 


' 


NICKEL, 


{ 
sisted by heat. The solution has a bluish.gteen co- 
Jour, and yields by evaporation nitrat of nickel in the 


form of rhomboidal crystals, which, ‘on exposure to the 


‘air, at first deliquesce, but afterwards fall to powder, 


and gradually lose their acid, so that only the oxide of 
nickel remains behind*. 
Sp. 3: Muriat of Nickel. 


Mour,tatic acip dissolves nickel and its oxide slowly, 
and the assistance of heat is necessary. ‘The solution, 
which has a green colour, yields when evaporated irre- 


‘ gular crystals of muriat of nickel, which are decompo- 


ii 

a 
ey 

+ 


} 


ons 2 


4 


- 


sed by heat and by long exposure to the air, though at 
first they deliquesce like nitrat of nickel}. 


Sp. 4s Phosphat of Nickel. 


Prosrnoric acip is capable of dissolving only a very 
small portion of the oxide of nickel. The solution does 
not yield crystals, and has scarcely even a green co- 


lourt. Hence it would seem that the phosphat of 


vnickel is nearly insoluble. 
Sp. 5. Fluat of Nickel. 


Fruoric acip dissolves nickel with difficulty, and 
the solution yields light green-coloured crystals}. _ 


| Sp.6.and4. Borat and Carbonat. 


_ Boracic acip can only be combined with nickel by 

mixing an alkaline borat with a solution of nickel in 
some acid. 

It does not appear from the experiments of Berg- 


* Bergman, ii. 268. + Ibid. { Ibid. § Ibid, 
D 2 
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man that carbonic acid is capable of combining with 
nickel directly ; but when 100 parts of nickel are 
thrown down, from their solution in acids by an alka- 
line carbonat, they weigh 135; whereas they weigh’ 
only 128 when thrown down by a pure alkali*. Hence 
we may conclude that the carbonat of nickel is compo- 
sed of about) 230i) Jt 5 5 oxide . 
5 acid 


100 


Sp. 8. Arseniat of Nickcl. 


WHEN arsenic acid is digested on nickel, the metal is 
partly oxidated, and the arseniat of nickel separates in 
the form of a greenish powder scarcely soluble in wa- 
ter. Nickel is not precipitated from its solution in 
acids by arsenic acid; but when the alkaline arseniats 
are employed, arseniat of nickel falls in the state of a 


greenish-white powder +. 


Sp. 9g. Acetite of Nickel. 


Acrtous Acip dissolves nickel, and forms with its 
oxide rhomboidal crystals of a very green colour f. 


Sp.10. Oxalat of Nickel. 


OxaLic aciD .attacks nickel at a digesting heat, and 
a greenish-white powder is deposited, which is the ox- 
dlat of that metal. . The same salt is precipitated when 
oxalic acid is dropt into the solution of nickel in sul- 
phuric, nitric, or muriatic acids. It is scarcely soluble 


* Bergman, ii. 392. + Scheele, i. 187. 
¢ Bergman, ii. 268. 
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in water, and is composed, according to Bergman, of Chap. III. 
two parts of acid to one of metal*. / 


Sp. 11. Tartrite beg | : 


TartTaRous Actp does not attack nickel}. The 
compound which it forms with its oxide has not been 
examined. Neither are we acquainted with any of the 
remaining species of the salts of nickel. 


Ginus X. Sats or Zine. 


AumosT all the acids act with energy on zinc, in 
consequence of the strong affinity which it has for/oxy- 
gen. The salts of zinc, therefore, are very easily 
formed, and, as there is only one oxide of that metal, 
they are not liable to change their state, like the salts 
of iron and tin. They may be distinguished by the 
following properties : 

1. The greater number of cues are soluble in water, Characters, 
and the solution is colourless and transparent. ok 
2, Triple prussiat of potass occasions a white preci- 
pitate when dropt into these solutions. 

3. Hydrosulphuret of potass and sulphurated hye 
gen gas occasion a white precipitate. _ | 

4. Gallic acid and thé infusion of nutgalls occasion 
nv precipitate when dropt into. these solutions. 

5: Alkalies occasion a white .precipitate, which is 
readily dissolved by sulphuric or muriatic acid. 

6. It is not precipitated in the metallic form by any 
of the other metals, unless manganese be an exception. 


—: 


* Bergman, i. 269. + Ibid, 
D 3 
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Sp. 1. Sulpbat of Zinc. 


ConcENTRATED sulphuric acid scarcely acts upon 
zinc without the assistance of heat; but if it be suffi- 
ciently diluted with water, it attacks the metal with 
force ; hydrogen gas is emitted, and the zinc is very 
speedily dissolved. In this case the water is decompo 
sed ; 1ts oxygen combines with the metal, while its hy- 
drogen is exhaled. When the solution is sufficiently 
concentrated by evaporation, it. yields the sulphat of 
zinc in crystals. 


This salt, according to the best accounts, was disco-'. 


vered at Rammelsberg in Germany about the middle 


of the 16th century,’ Many ascribe the invention to | 


Julius Duke of Brunswick.’ Henkel and Newmann 
were the first chemists who proved that it contained 
zinc ; and Brandt first ascertained its composition com- 
pletely *. It is generally formed ‘for commercial pur- 
poses from sulphurated oxide of zine, or blende as it is 
called by mineralogists. This ore is’ roasted, which 
converts the sulphur into an acid ; it is then dissolved 
in water, and concentrated so much that, on cooling, ‘it 
crystallizes very rapidly, and forms a mass not unlike 
loaf-sugar. This salt is usually called white vitriol, 
Tt is almost always contaminated with iron. Hence 
the yellow spots which are visible on it, and hence also 
the reason that its solution in water lets fall a dirty 
brown sediment ; a circumstance very much complain-< 
ed of by surgeons when they use that solution in medi- 


cine. It may be easily purified by dissolving it in — 


water, and putting into the solution a quantity of zinc« 


pe ETT ENTE a TE STE NEE SEITE “TTI, TPCT 


* Beckmann’s History of Inventions, art. Zits, 


ZINC 


filings ; taking care to agitate it occasionally. The 
zinc precipitates all the iron, and takes its place. The 
solution is then to be filtered, and the sulphat of zinc 
may be obtained from it in emg by proper sang 
tion. . 7 13 


This salt»when vepollicied is transparent and colours 
less. Its crystals'are four-sided flat prisms, terminated 


* by quadrangular pyramids. ‘Iwo opposite edges of the 


prism are commonly'replaced by small faces, which ren- 


$5 
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Properties, 


ders the prism six-sided*. Its’ specific gravity when | 


crystallized is' 1.912, when mm the state in which it 
commonly occurs im commerce, it is 1.3245 +. 

At the temperature of 60°, at‘is'soluble in 2.28 parts 
of water; but it is much more soluble in boiling watert: 
When exposed to the air, it effloresces.». When heated, 
it melts and’ speedily loses its water of crystallization, 
int in a very high temperature, loses part of its acid. 

» According to the calculation of Daageyae; this salt is 
composed of «2... . 40 acid 2 

20 oxide 
40 water | 


109 § 
According to Kirwan, it is composed of 20.5"acid 
| | 40.0 oxide | 
39.5 water 
_ 100;0 || 
According to the same philosopher, too parts of the 


crystallized salt contain 3 parts of metallic zinc. 


* Bergman, ii. 327.. + Hassenfratz, Ann, de Cia. EXVill, 12. 
{ Bergman ii, 328. § Ibid. 
S Kirwan’s Mineral Waters, Table iv. 
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Sp. 2. Sulpbite of Zinc. 


Hi1rwHerto the combinations which the sulphurous 
acid forms with metallic oxides have been examined only 
by Berthollet and Fourcroy and Vauquelin. To these 
chemists we are indebted for the discovery that the 
greater number of metallic sulphites are capable of com- 
bining with a quantity of sulphur, and of forming asu/- 
phurated sulphite. ‘This is the case in a remarkable 
degree with the sulphite of zinc. 19h 

1. Sulphurated sulphite. Sulphurous: acid attacks 
zinc with considerable violence, heat is produced, and 
sulphurated hydrogen gas is exhaled. The solution has 
an acrid, astringent, sulphureous taste. When exposed 
to the air, it becomes thick like honey, and deposites 
Jong slender crystals in the form of four-sided prisms, 
terminated by four-sided pyramids. These are crystals of 
sulphurated sulphite of zinc, as Fourcroy and Vauquelin 
have proved. ‘They are soluble in water and in alcohol. 
When exposed to the air, they become white, and de- 
posite a white insoluble powder. Before the blow-pipe 
the salt swells, emits a brilliant light, and forms dene 
dritical ramifications. When distilled, it yields water, 
sulphurous acid, sulphuric acid, and sulphur; and there 
remain behind oxide of zinc and a little sulphat of that 
metal. Sulphuric, nitric, and muriatic acids, when pour- 
ed into its solution in water, drive off the sulphuroug 
acid, while a quantity of sulphur precipitates. ‘The 
theory of the formation of this salt is obvious. During 
the solution of the zinc, both water and sulphurous acid 
were decomposed ; the oxygen of both combined with 
the metal; the hydrogen escaped combined with a por- 
tion of the sulphur of the decomposed acid, and the rest 
of the sulphur combined with the sulphite as it formed, 


ZINC. 


2. Sulphite of zinc. Sulphurous acid dissolves the 
oxide of zinc with the evolution of heat, but without 
effervescence., ‘Vhe solution yields crystals of sulphite 
of zinc. ‘These crystals have a less, acrid, but more 
styptic taste than sulphurated sulphite, | ‘hey are less 
soluble in water, and more easily crystallized... They 
are insoluble in alcohol. When exposed to the air, they 
are very soon changed into sulphat of zinc ;. whereas the 
sulphurated sulphite remains long unchanged. 

When a mixture of sulphur and white oxide of zinc 
is treated with sulphurous acid, the product is a sulphu- 


_ vated sulphite *, 


Sp..3.  Nitrat of Zinc. 

Nitric acip attacks zinc with prodigious violence, 
and has been known even to inflame it, It is necessary 
to moderate its action, by using it in.a diluted state; 
even then considerable heat is evolved, and a strong 
effervescence is occasioned by the escape of nitrous gas. 

The solution is caustic, and yields by evaporation 
flat striated tetrahedral prisms, terminated by four-sided 
pytamids. ‘The specific gravity of these crystals is 
2.096+. ‘They attract moisture when exposed to the 
air. When heated, they melt and detonate on burning 
coals, emitting a red flame. When distilled, they emit 
red vapours of nitrous acid, and assume a gelatinous 
form. Ina strong heat, they are decomposed completely, 
giving out nitrous gas and oxygen gas ft. 


Sp. 4. Muriat of Zinc. 


MuRriaTic Acip ‘dissolves zinc rapidly and. with 


* Fourcroy, v. 380. + Hassenfratz, Ann. de Chim, xxviii. 12. 
} Fourcroy, v. 382. 
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effervescence, owing to the emission of hydrogen gas. 
The solution is colourless; and when evaporated, does 
not crystallize, but assumes the form of a jelly. When 


distilled, a little of its acid separates, and muriat of zinc © 


remains behind in a solid mass, easily fusible. It was 
formerly known by the name of butter of zinc. When 
heated, it sublimes; and is obtained in a mass of a fire 
white colour, ‘composed of small needles. Its specific 
gravity is 1.577 *.° It is very soluble im water, and 
when exposed to the air, gradually attracts moisture, 
and assumes a gelatinous consistence. Sulphuric acid 


decomposes it, and the alkalies precipitate the whole — 


oxide of zinc from its solution +. 


Sp.5.:Pbosphat of Zinc. 


PHOSPHORIC ACID attacks zinc with effervescence, 
and a white powder is gradually deposited, which is the 
phospbhat of zine. ‘The salt may be formed also by 
pouring an alkaline phosphat into the solutions of ‘sul- 
phat, nitrat, or muriat of zinc. Its properties have not 
been examined, but it appears to be nearly insoluble in 
water. . 


Sp. 6. Eluat of Zine. 


FLuoORIc ACID attacks zine with violence, hydrogen 
gas is emitted, and the metal is oxidated and dissolved. 
‘The properties of the fluat thus formed have not been 
examined {. 3 


Sp. 4. Borat of Zinc. 


’ \ > e 
Boracic acip scarcely attacks zinc; but it com- 


* Hassenfratz, Ann, de Chint. xxviil. 33. + Fourcroy, v. 383. 
} Scheele, 1. 35. 


{ ZING. 


bines with its oxidé,; and forms with it an insoluble Chap. TIT, 


borat of ziné. This salt may be precipitated by pour- 


ang borat of soda into the nitrat or muriat of zine. 


‘Sp. 8 Carbonat of Zinc. 
Lrevip Carsonre Acip, confined in'a vessel with 
zinc or its oxide reduced to the state of a fine powder, 
dissolves a considerable portion of it; and the solution, 


when exposed to the air, is gradually covered with an 


iridescent pellicle. of oxide of zinc *. The carbonat of 
zinc may be obtained in the state of a white powder, 
by precipitating zinc from its’ solution ‘in acids by 
means of an alkaline carbonat. © According to the ana- 
yet of seid native carbonat of zinc is composed of 
oy 28 acid 
19) 66 oxide » 
6 water 


100 f 


Sp. 9g. <Arseniat of Zine. 


Wen arsenic acid is poured upon zinc, an efferves- 
Cence ensues, arsenical hydrogen gas'is emitted, and a 
black powder precipitatés, which is arsenic it the me- 
tallic state. Hence we see that the zine déprives both 
a portion of water'and of arsenic acid of their oxygen. 
When one part of zine-filings and two parts of dry 
arsenic acid are distilled in a retort, a violent detonation 
takes place when the retort becomes red, occasioned by 
the sudden absorption of the oxygen of the acid by the 
zinc. The arseniat of zinc may be’ precipitated by 


* Bergman i. 35. Opusc. its 3266 
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pouring arsenic acid into the acetite of zinc, or by mix-. 
ing the solution of the alkaline arseniats with the sul- 
phat of zinc. It is a white powder, insoluble in water*. 


Sp. 10, 11, and 12. 


By the same process. may the tungstat, molybdat, 
and chromat of zinc be obtained. .‘l'hey also are in- 
soluble in water: the first two are white, the last of an 


orange-red colour. 


Sp. 13. Acetite of Zinc. 


AcETOUs AcID readily dissolves zinc, and yields by 
evaporation crystals of acetite of zinc, which were first 
mentioned by Glauber. This salt has a bitter metallic 
taste. Its crystals are rhomboidal or hexagonal plates, 
of a talky appearance. It is not altered by exposure to 
the air; it is soluble in-water. When thrown upon live 
coals, it burns with a blue flame. When distilled, it 
yields water, an inflammable liquid, and some oil, and 
towards the end of the process oxide of zinc sublimes+. 


Sp.14. Oxalat of Zine. 


OxaLic ACID attacks zinc with a violent efferves- 
cence, and a white powder soon subsides, which, is 
oxalat of zinc. The same salt is precipitated whea 
oxalic acid is dropt into the solution of sulphat, nitrat, 
or muriat of zinc. This salt is scarcely soluble in was 
ter, unless there be an excess of acid ¢.- 


Sp.15. Lartrite of Zinc. 


TARTAROUS ACID attacks zinc with effervescence, 


* Scheele, i181.  ¢ Encycl. Method. Chim.i..23. .. }Bergm.i. 271, 
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and forms with it a salt difficultly soluble in water, the | Chap. IIT. 
properties of which have not been examined *. 


- 


Sp. 16. Tartrite of Potass-and-xinc. | 


Tuts salt may be formed by boiling together tartar 
_and zinc filings in water. It is very soluble in water, 
and not easily crystallized. No precipitation is produ- 
ced in its solution by the alkalies or their carbonats }. 


Spot. Citrat of Zinc. 


CiTRIc ACID attacks zinc with effervescence, and 
gradually deposites small brilliant crystals of citrat of 
zinc. They are insoluble in water, and have a styptic 
and metallic taste. They are composed of 

50 acid 
50 oxide 


roof 


Sp. 18. Malat of Zinc. 


Matic acip dissolves zinc, and yields by evapora- 
tion beautiful crystals of malat of zinc §. 


Sp. 19. Roope of Zinc. 


Lactic acip dissolves zinc with effervescence, and 
the salt formed is capable of crystallizing ||. 


Sp. 20. Benzoat of Zinc. 


. 


Zinc is readily dissolved by benzoic acid. The so- 


* Dijon Academicians, 

+ Dijon Academicians; and Thenart, Anz. de Chim, xxxviii. 35. 
} Vaugquelin, Foureroy, vii. 209. 

§ Scheele, Crell’s dana/s, ii. 10. Engl. Trans}, 

ij Scheele, ti. 65. 
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lution yields crystals which are soluble in water and 
alcohol. .When exposed to heat, their acid is volatis 
lized *. 


Sp. 23. Succinat of Zinc. 


Succinic acip dissolves zinc with effervescence ;. 
and the solution yields long. slender foliated crystals; 
the properties of which have not been examined }. 


Sp. 22. Sebat of Zinc. 


SEBACIC ACID dissolves zinc with great facility; but 
the resulting salt has not been examined {. 


Genus XI. Satts or BismuTu. 


Tue salts of bismuth have not been examined with 
much attention by chemists; indeed bismuth and its 
combinations have been hitherto very much neglected. 
These salts may be distinguished by the following pro- 
perties: 

1.The solution of bisoosith in acids is’ usually co- 
lourless. When water is poured into it, a white’ pre- 
cipitate immediately falls, consisting, chiefly of the 
white oxide of bismuth. 

2. Triple prussiat of potass occasions in.these solu- 
tions a precipitate of a white colour, sometimes with & 
shade of yellow. | 

2 Hydrosulp Bathe of potass and sulphurated hydro- 


gen gas occasion a black precipitate. ° 


———S——EE—— ES eee 


* 'Trommsdorf, Azn. de Chim. xi, 317, 
+ Wenzel’s Verwand, p. 330. 
} Crell, Phil. Trans,1782, 
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“4. Gallic acid and the infusion of nutgalls occasion Chap. HL. 
, li 


an orange-coloured precipitate. 
5. When a plate of copper or tin is put into the solu- 


tion of bismuth, this last metal is often precipitated in 


the metallic state. 


“Sp. 1. Sulpbat of Bismuth. 


SuLPHuRic ACID has no action on bismuth while 
cold ; but by the assistance of heat it converts that: me- 
tal into a white oxide, while at the'same time sulphu- 
rous acid is exhaled, and even sulphur sublimed, if the 
heat be considerable. When the saline mass, thus form- 
ed, is washed with water, almost the whole of the acid is 
separated, carrying along with it a very small portion 
of the oxide; and this lixivium yields, by evaporation, 
small crystals in needles, which are decomposed, and 
their base precipitated when any attempt is mate to 


_ dissolve them in water. 


Sp. 2. Sulphite of Bismuth. 


— 


SULPHUROUs ACID does not attack bismuth; but it 


combines with its oxide, and forms with it a salt in- 
soluble in water even when assisted by an excess of 
acid. It has a sulphureous taste; and before the blow- 


pipe melts into a reddish yellow mass, which is soon 


reduced upon charcoal. When distilled, the acid is dri- 
ven off, and the whole oxide remains in a state of pu- 
tity *. 

Sp.3. Nitrat of Bismuth. 


NitrIc acrpD, when concentrated, attacks bismuth 


* Fourcroy, v. 204. 
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with great violence, a vast quantity of nitrous gas ig 
emitted, the metal is converted into a white oxide, 
much heat is evolved, and sometimes even sparks of 
fire are darted out of the mixture. When the acid is 
diluted, the action is less violent, and the oxide of bis- 
muth is dissolved as it forms. The solution is colour- 
less ; and on cooling lets fall crystals of a white colour, 
and generally attached to each other in the form of 


stars.. They are small four-sided prisms, generally — 


terminated by four-sided summits. : 


This salt, when exposed to the air, attracts alittle — 


moisture, and its surface is covered with a crust of 
white oxide., On. burning coals it detonates feebly, 
emitting red sparks, and leaves a yellowish powder not 
easily reduced... When triturated with mercury it de- 
tonates loudly *.. When put into water it is immedi- 
ately decomposed ; that liquid absorbing its acid and 
leaving the white oxide of bismuth. Hence the reason _ 
that when we write upon paper with a solution of bis- 
muth in nitric acid, the characters, at first invisible, be- 
come white when the paper is plunged into water, 4s 
Brugnatelli first observed +. | 
When.the solution of bismuth in nitric acid is dilu- 
ted with water, the greatest part of the metal separates 
in the state of a white oxide. In this state it was for- 


merly known by the name of magistery of bismuth, — 


and in commerce it is distinguished by the appellation 
of pearl white. To obtain it of a fine white colour, it 
is necessary to employ a great proportion of water, and 


to wash the precipitate well: 


* Brugnatelli, 4an.de Chim, xxvil. 73. + Ibid. iii. 296 
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Sp. 4. Muriat of Bismuth. ‘ 


while cold; but when distilled off that metal, previ- 
ously reduced to powder, it gradually oxidates, and 


-muth may be readily formed by dissolving the metal 
in nitro-muriatic acid, or in oxy-muriatic acid. When 
matic crystals. The muriat of bismuth, when evapo- 
rated to dryness, sublimes by the application of a mos 
Ricrate heat, and forms a thick concrete mass, readily 
melting when heated, formerly known by the name of 
butter of bismuth. It was prepared also by distilling a 
mixture of two parts of oxy-muriat of mercury and 
one part of bismuth: an amalgam of bismuth remains 


Times * 


° Sp. CHORE 8, 


“with phosphoric, fluoric, boracic, and carbonic acids, 
have not hitherto been examined with accuracy. They 
may be formed by pouring into the solution of bismuth 
in nitric acid the alkaline phosphats, fluats, borats, or 
_carbonats. 
of a white powder. in vag . 


The salts required precipitate in the state 


Sp. 9. Arsentat ny Bismuth. 


. PAnsentc ACID oxidates bismuth by a digesting heat ; 
: had the metal is covered with a white powder, which i 1s 

y ¥* Poli, Mem. Par. 1713. 
— Vor. Il. E 


- Morratic acip has scaréely any action on bismuth 
brings it to the state of a white powder. Muriat of bis= — 


the solution is evaporated, it is said to yield small pris- 


in the retort, while the dwtter, as it was called, subs 


Tue combinations which the oxide of bismuth forms 
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arsenic acid is poured into the nitrat of bismuth. The 
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arseniat of bismuth. Part also of the arseniat remain 
in solution, but the oxide is precipitated by the addition 
of eaten The arseniat of bismuth precipitates when 


white powder thus obtained is difficultly fusible ; but 
when heated with charcoal, arsenic sublimes, ws the 
bismuth is reduced *. 


Sp. 10. de etite of Bismuth. 3 


ACETOUs AcID has but Tittle action on bismuth ; but 
the acetite of bismuth may be obtained by mixing to- | 
gether the solutions of nitrat of bismuth and acetite of 
potass. When the mixture is heated, it redissolves the 
precipitate which had at first formed, and at the same 
time yields a number of thin talky crystals resembling 
boracic acid. Morveau, to whom we are indebted for 
this experiment, has ascertained also, that the addition | 
of acetous acid deprives nitrat of bismuth of the a 
perty of affording a precipitate when diluted eae wa- 
ter }. 


Sp. 11. Oxalat of Bismuth. 
~OXALIC AcID scarcely attacks bismuth ; but it com- 4 
bines with its oxide, and forms with it an oxalat in the — | 
state of a white powder, scarcely soluble in water. — 
When oxalic acid is dropt into nitrat of bismuth, small 
transparent polygonous grains are gradually precipita- : 
ted, which possess the same properties as the white 
powder, and do not become opaque when put into wa | 
ter {. | a 
ee 
* Scheele, i. 124. ¢ Encyc. Method, Chim. L 80.0 
¢ Bergman, i. 269. 
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Sp.12. Tartrite of Bismuth. hap. TIL. 


TaRTaRovs acip does not attack bismuth; but when 
| -dropt into the solution of that metal in nitrous acid, tar- 
trite of bismuth precipitates in the state of a white 
_ powder insoluble in water. | 


” “Sp. 13. eredc: of Bismuth. 
Bewnzorc acti dissolves the oxide of bismuth with 
“avant and the solution yields white needle-shaped 

- crystals, which are not altered by expostire to the air, 

are soluble in water, and very sparingly soluble in al- 

_ cohol. ~ Sulphuric and muriatic acids decompose this 

salt, and heat volatilizes its acid *. 


The remaining salts of bismuth are unknown. 


Genus XII. Sautts or ANTIMONY. 


_ Turvarious doses of oxygen with which antimony is 
capable of combining, render it probable that the salts 
of antimony are numerous; but hitherto scarcely any 
_of them have been examined. Chemists have confined 
themselves to the combination of the acidulous oxide 
of antimony with acids; an oxide which possesses a 
number of properties which assimilate it to the acids, 
and which seems scarcely susceptible of forming per- 
manent compounds with acids. . Antirhonial salts may 
he distinguished by the following properties : : 
% é t. Their solutions are usually colourless, and in most. Character 
cases a,white precipitate falls when they are diluted . 
with water. | 3 
Ee \ 

* Trommsdorf, Ann. de Chim, xi. 317 , 
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2. Triple prussiat of potass occasions a white preci- 


t——-—_ pitate when dropt into these solutions. This precipitateis 


merely the oxide of the metal precipitated by the water 
of the prussiat. When applied sufficiently concentra« 
ted, or in crystals, no precipitation takes place. In 
this property antimony agrees with platinum *. : 
3. Hydrosulphuret of potass occasions an orange- 
coloured precipitate. ee) 
4. Gallic acid and the infusion of nutgalls occasion a 
white precipitate, which is merely the oxide of the me- 
tal separated by the water of the infusion. ; 
_5- When a plate of iron or zinc is plunged into anti- 
monial solutions, a black powder precipitates in great 
abundance, and very speedily when there is an excess 
of acid, and the solution is not too much concentrated. _ 


Sp. 1. Sulpbat of Antimony. 


SULPHURIC ACID has no action on antimony while 
cold; but at the boiling temperature it oxidates that — 
metal with effervescence, sulphurous acid is exhaled, 
and even sulphur sublimed, and there remains inthe 
retort a soft white mass, evidently composed of the aci- 
dulous oxide and sulphurous acid. Water carries off — 
the acid and a small portion of the oxide, but leaves the _ 
greater part in the state of a white powder. When the . 
solution is evaporated, the remainder of the oxide pre- e 
cipitates, so that the salt cannot be obtained in a crystal. 
line form. The white powder may be considered as a __ 
subsulphat of antimony, for it still retains a portion of 
acid. % 


* Klaproth, Crell’s danals, 1798, i. 99. 


| ANTIMONY. 69) 


Chap. III. 


Sp. 2. Sulpbite of Antimony. 


9 SULPHUROUS ACID has no action on antimony while 

_ cold, but when hot it changes it into an oxide. The 

BS sulphite of antimony is precipitated in the state of an 

G insoluble white powder when sulphurous acid is pour- 

ed into the solution of antimony in muriatic acid. It 

has an acrid and astringent_taste, melts when heated, 

and is volatilized and decomposed. When distilled in 
a close vessels, it yields sulphurous acid; and there re- . 


5 “mains a reddish brown mass, consisting peahalny of 


bh ydrosulphuret of antimony *. 
of 


Sp. 3. Nitrat of Antimony. 


Nitric acip attacks antimony with great violence. 

P Both the acid and water are decomposed, abundance of 
a nitrous gas is emitted, and a considerable portion of 
ammonia is formed and combines with the acid while 
the metal is converted into an insoluble white oxide. 
- It does not appear that any combination takes place 
4 between this acid and the acidulous oxide of antimony, 
. the oxide which is formed by this process ; and no at- 
i tempt has hitherto been made to combine it with any 
a of the other oxides of antimony. Probably it does not 


_ combine even with them, in consequence of the facility 
- with which it converts them into the acidulous oxide. 


. Sp. 4. Muriat of Antimony. 

4 Pe : 
Muriatic ActD has no effect upon antimony at 

i first ; but the metal is gradually dissolved when it is 


kept long in contact with that acid. The solution is 


~ 


* Fourcroy, Vv. 231. 
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—H——"_— crystals, consisting no doubt of murzat of antimony, or 
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yellow, and yields by evaporation small needle-form 4 


of muriatic acid combined with antimony, oxidated to a 3 : 
minimum. | 

Muriatic acid dishtieas the white oxide of antimony 
with facility ; but it is nitro-muriatic acid which 1s con- 
sidered as by far the best solvent of that metal. These — 
solutions may be considered as containing an oxy-muriat 
of antimony, ot muriatic acid combined with a 
oxidated toa maximum. That salt was formerly nnowy ee 
by the name of butter of antimony. It was usually pre- — | 
pared by triturating together one part of antimony and. 
two parts of oxy-muriat of mercury, and then distilling _ ‘4 
them in a retort. At a moderate temperature the oxy- e 
muriat of antimony passes over. It is in the state of.a . 
thick fatty mass, of a greyish white colour, and often ‘ 
crystallized in four-sided prisms. It is exceedingly 
caustic, becomes coloured when exposed to the air, and 
melts at a very moderate temperature. When diluted : 
with water, it is partly decomposed, and the greater 
part separates in the form of a white oxide. In this — 
state it was formerly known by the name of powder ge “3 
Algoroth. 


Sp. 5. Phosphat of Antimony. 


Tue action of phosphoric acid on antimony has never 
been examined. Neither is the salt better. knéwn wtitch | 
that acid may be supposed capable of ne with the 
oxides of that metal. . 


Sp. 6. Picci of Lime-and-antimony. 


; 
THE well- known medicine called Fames’s powder has" 4 
been shewn by. the analysis of Dr Pearson to be a come — 

pound of phosphoric acid, lime, and oxide of antimos — 


| ANTIMONY. 


; we may therefore consider it as a triple salt. It 
is usually in the form of a white powder, nearly in- 
soluble in water, but partially soluble in acids. The 

“energy with which it acts as an emetic is well Known. 
From Dr Pearson’s analysis it appears to be composed 
of about ... .. 43 phosphat of lime ; 
Wel, 57 oxide of antimony 


Ioo 


It may be composed by calcining in a white heat a mix- 
ture of equal parts of sulphuret of antimony and the 
ashes of bones *. 


! 


Sp. 7, 8, 9, LO, Il. 


‘ 


_ Tue fluat, borat, carbonat, tungstat, and chromat of 
antimony are still unknown, no accurate experiments 
_ having been made to ascertain even the mode of form- 
ing these salts. 


{ 


Sp. 12. Arseniat of Antimony. 


WHEN atsenic acid and antimony are digested toge- 
_ ther, a white powder separates, consisting of arseniat 
of antimony. ‘This powder js soluble in muriatic acid, 


alkaline arseniats precipitate the same salt from the so- 
lution of antimony in muriatic, tartarous, or acetous 
2 acids. When a mixture of one part of antimony and 
three parts of arsenic acid are distilled in a retort, it 
enters into fusion, and then takes fire ; arsenic is sab- 


‘t vis exhaled+. 


; 2° out : 
£3 ‘ = ; - / ~ ee 


a" Phil, Trans, 1791, p. 317. oe + Scheele, i, 184. 
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and precipitated again by the affusion of water. The , 


vo 


-blimed together with a red mass, and sulphurous acid 
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soot 11. . 9 shay 
tan i II, ; Sp. 13. Acetite of Antimony. 


‘AcEtovs acrp has little or no action on antimony 3 
~ but it dissolves a small portion of its oxide, as Morveau 
has shewn, and the solution, according to Wenzel, yields 
small crystals. This salt is soluble in water, and was 
employed by real Sala and some ssi > phys 


sicians as an emetic * 


a 
, x ; 5 . Ae % ae 


Sp. 14. Ownalat of Antimony. oe 


" 


~  OXALIc ACID scarcely attacks antimony ; but it dis- 
solves a small portion of its oxide. The solution yields 
by evaporation small'crystalline grains difficultly so- 
lnble in water. The same salt is precipitated by add- 
ing oxalic acid to the solution of antimony in acetous 
or sulphuric acid ; but oxalic acid occasions no preci- 
pitate in the oxy-muriat of antimonyt. > 


Sp. 15. Tartrite of Antimony, 


TARTAROUS aciID has no action on antimony, Hah it, i 
dissolves a small portion of its oxides. The solution 
scarcely crystallizes; but easily assumes the form of a 


jelly f. $ 


Sp. 16, Te artite of Potass-and- Antimony. 
Tuts salt, usually denominated tartar emetic, is much 

more employed in this country as a medicine than all 

Elistory. the other antimonial preparations put together. It was 

4 _ first made known by Adrian de Mynsicht in his 7; hesaum 
5 tres Medico-chymicus, published in 1631. But the pre- 
paration was in all probability suggested by a treatise, 


a 


eee 
\ E 


i Eacyc, Method, Chim. i, 6, + Bergman, i, 271. } Ibid. ee 


( ANTIMONY. 


Tntitled Methodus in Pubievi gubtnnsa in Tealy 3 in 
1629. This book, written by Dr Cornachinus, gives 
‘an account of the method of preparing a powder which 
had. been invented by Dudley Earl of Warwick, and 
which had acquired great celebrity in italy in conse- 
_ quence of the wonderful cures which it had performed. 


This powder was composed of scammony, sulphuret of " y Ba, 
antimony, and tartar, triturated together. The extra- . ae KK 
_ ordinary effects which it produced would naturally draw | 
‘the attention of chemists to the combination of antimo- ae 
i preparations with tartar. | PAG, 


Tartar emetic was first prepared by boiling together Prepatan | 
tartar and the crocus metallorum*, as it was called, in a we 
water, filtering the solution, and evaporating it till it | 
yields crystals: glass of antimony was afterwards subs 
"stituted for the crocus. But it would be needless to . 
‘enumerate the numerous methods which have been a- cee 
- dopted according to the fancy of different operators. ne va 
_ These methods have been collected by Bergman, and ea) ip i 
‘are described by him in his treatise on Antimoniated ot 
| Tartar}. | ifs 
M At present the glass of antimony, or the deadistihin By jain ts reg 


oxide of antimony, are usually employed. Either of Pee 
these is mixed with its own weight of.tartar, and the est : 
“mixture boiled in ten or twelve parts of water, till the ; Va 
tartar be saturated. ~The solution is then. filtered and A 
‘evaporated till a pellicle forms on its surface.” On | ae 
sooling it deposites regular crystals of tartar emetic. a 


ae = 3 a 
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An impure hydrosulphuret, formed by detonating in a crucible 
equal weights of sulphuret of antimony and nitre, and washing the resix 
- doom i in water till the liquid comes off tasteless, 


lt Opusc. i i. 338, 
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wey solution a quantity of uncombined tartrite of potass ; 34 


Ks . 7 ee lie. 
et | _Book I. Therart has observed, that there always remains in the | 
a it ought not therefore to be evaporated too far, tho } 

Te | : wise the crystals of that salt will mix with those of the 
| tartar emetic*. : 
Properties, TARTAR EMETIC is of a white colour, and crystal-_ 
lizes in regular tetrahedrons. When exposed to the air, 


ans’ it gradually loses its transparency and effloresces. It is. 
Hi | soluble in 80 parts of cold water, and in about go parts 
iy ’ of boiling water. Heat decomposes it by destroying the 
\ - acid, while the potass and oxide of antimony remain be-— 
| hind. It is decomposed by the alkaline earths, by the — 
| | alkalies and their carbonats, and by the hydrosulphurets, 3 
eh | _\ and several of the metals. It is decomposed also by the 
\ decoctions of plants, particularly those that are astrin= | 
gent and bitter, as Peruvian bark, &c. Consequently it Z 
never ought to be given in psoas with any of 
| these bodies. sro tgg 
fies From the analysis of Thenart, it appears “that chia 
| ea ay salt is composed of ... 35.4 tartarous acid ai 
39.6 oxide | 
16.7 potass 
8.3 water 


100.0 


Or of vial oks Insel thet ateith Owe hartrite lof antimony — 
35-4 tartrite of potass . 
6.3) Water »so.0oht gee 


100.0 + . ; A : 


| . r *® Anu. de Chim. Xxxviii, 39e t Ubid. 
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Sp. 17. Benxoat of Antimony. 


 -Benzorc acip readily dissolves the oxide of anti- 
i, "mony, and the solution yields crystals, which remain 
aid when exposed to the air, and are decomposed by 


P Bout Ya dhidet oa Uh ) 

. “bp 18. Sebat of ir ertcande 
ae _Srpacie ACID dis agdives the oxide of antimony by 
the assistance of heat, and forms a salt in small crystals, 
which do not deliquesce in the air +, 


if 


FY f . ' 
Genus XU.  Saurs or TELLvurgivum.. 


TeLLurium has been known for so short a time as 


— - 
= Tk. 
om 


a distinct metal, and the quantity of it hitherto exa- 
mined has been so ‘small, that the salts which it forms 


| ; Only the following facts have been ascertained. | 
| The salts of tel Hurium may be ge py rer by the 
eae properties:  * 

. ‘Alkahes, when dropt into their solution; occasion 


a wei precipitate, which iets Sew apne if the alkali 
be added in excess. 4 
2. Triple prussiat of potass occasions no precipitates 


bla ckish precipitate. | | Hak al 


_ pitate of a yellow colour. 


i mf 


5. Zinc, iron, and antimony, when plunged into 
¥ these solutions, occasion the relurinm to separate in the 


Seopa 


ne - —— 


y * Trommsdorf, Aun, de Chim. %i.317-  — ¢ Crelll, Phil. Trans. 1782, 


with acids cannot be supposed to be much known: 


me a. Lhe infusion of nutgalls occasions a flaky preci 


Characters, 


3. Hydrosulphuret of potass occasions a brown or. . 
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lourless, and no precipitate 1s produced in it by wa- 
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state of a black powder, which resumes its metallic. a 
brilliancy when rubbed *, | 


Sp.1. Sulphat of Tellurium. 


WHEN one part of tellurium is confined with 100 
parts of sulphuric acid in a close vessel, it dissolves and 
gives the acid a crimson colour. When water is dropt 
into the acid, the red colour disappears, and the metal 4 
1s precipitated in black flakes When heated, the colour _ 
equally disappears, and the metal precipitates. Diluted 
sulphuric acid, mixed with a little nitric acid, dissolves | 
a considerable portion of tellurium, the solution is co- 


ter f. | ; 

Siu 

Sp.2. Nitrat of Tellurium. — 
NrTRICc AcrD dissolves tellurium with facility. The 
solution is colourless, and yields, when concentrated, 
small white, light, needle-formed dendritical crystals t. 
Sp. 3+ Muriat of Tellurium. : 
NITRO-MURIATIC ACID dissolves tellurium readily. ~ 4 
The solution is transparent; but when diluted with 4 
water, it lets fall the oxide of tellurium inthe stateofa 


white precipite, soluble in muriatic acid §. 


Genus XIV. Sats or ARSENIC. 


ARSENIC is capable of assuming the form of anacid, 


f 
af 
aT 
? 


and even its white oxide has several acid properties. 


7 ‘ Lod 


* Klaproth, Crell's Annals, 1798, i. 98. 4 Ibid. p. 98. 
t Ibid. p. 97. § Ibid, p. 98. 
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ARSENIC. 


| Hence it is more disposed to combine with metallic 
’ i bases than to form salts by uniting with acids. Indeed 
F it has not been proved that the oxide of arsenic is Ca- 
__ pable of combining with acids, and of forming crystal- 
: -lizable salts. However, as several of the acids have the 
property of dissolving it, which must be considered as a 
es species of combination, and as the knowledge of the 
, properties of these solutions is sometimes of importance 
in mineralogical investigations, it will be proper to give 
__an account of them in this place. 
_____ The solutions of arsenic may be natin by the 
age properties : 


st. Triple prussiat of potass occasions a white yet 
i, 
“y Siuate when poured into solutions containing arsenic * 
2. Hydrosulphuret of potass produces a yellow pre- 


Cipitate, or at least gives a yellow colour to the solu- 
tion. | 


N 


( 3. Gallic acid and the vibe of nistealld occasion 
scarcely any change in the solutions of arsenic. 

4. The addition of water occasions a white precipi- 
tate of oxide of arsenic +, which, when heated with 


_ charcoal, emits a white smoke, having the smell of 
arsenic. . 


e . Sp. 1. Sulphat of Arsenic. 


SULPHURIC aciD has no action on arsenic while 
_ cold, but when heated, sulphurous acid gas is emitted, 
and the metal is converted into a white oxide, a small 
_ portion only of which is retained in solution. The acid 


a 


ay 


~  -¥ The solution of arsenic in those acids which convert it into an acid, 
_ is not disturbed by the triple prussiat of potass. 


t Except when the arsenic is converted into an acid, 
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dissolves equally a small quasi of. the white oxide ots 
arsenic; but the addition of water precipitates a a 
powder in the form of crystalline grains. These, ac- _ 
cording to Bergman, are composed of the white oxide ren 
of arsenic, combined with a small portion of acid *. M4 


4 Les 


a. 
Sp. 2. Nitrat of Dente’ 


Nitric acip attacks arsenic with violence, and cons o 
verts it into white oxide, while nitrous gas and azotic | 
gas are emitted. \An additional dose of acid converts 4 
the oxide into arsenic acid. There is therefore no such © 
salt as nitrat of arsenic ; the nitric acid does not com- 3 


bine with the white oxide. - 
Sp. 3. Muriat of Arsenic. 


Morratic actp has scarcely any action on arsenic 
while cold ; but when heated it dissolves it readily, at 
the same time a quantity of arsenicated hydrogen gas is iin 
emitted... White oxide of arsenic is also dissolved’ by a s ! 
this acid with facility, especially ifa little nitrous acid 
be mixed with it. Ata boiling heat the muriatie acid — 
dissolves about the third part of its’ weight of white 
oxide; but it allows the greater part to precipitate : 
again as the solution cools. The addition of water pre- 
cipitates the greatest part of the remainder ; but the. i 
muriat of arsenic, according to the experiments of Berg- — S 
man, may be obtained in the state of crystals. Itis 
very volatile, and but sparingly soluble in water f. : 

This salt may be formed also by triturating together — 
equal parts of oxy-muriat of mercury and oxide of ar- 
senic, or metallic arsenic, and distilling the mixture 


* Bergman, ii. 292. t Ibid. ii. 294. 
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liquor of the consistence of oi, part af bet ha saeciakat 
in the receiver. This substance is muriat of arsenic. 
It was described by Lemery and others under the name 
of butter of arsenic, or corrosive oil of arsenic. 

_ The action of the other acids on arsenic has scarcely 
been examined except by Bergman. According to him, 
_ phosphoric, fluoric, and arsenic acids dissolve it, and 


lic and tartarous acids dissolve the white oxide readily, 
and furnish prismatic crystals : acetous acid ‘also dis- 
Ss solves it *, 


Genus XV. Sats oF CoBatr. 


a Tae salts of cobalt have attracted the attention of 
chemists, i in consequence of the property which some of 
_ them have. of changing their colour when heated, and 
thus forming what has received the name of sympathe- 
tic iak ; an appellation given to all liquids, the charac- 
_ ters formed by which are colourless and invisible when 
written upon paper, but become visible and coloured 
by undergoing certain processes: and likewise to those 
liquids which form characters upon paper susceptible of 
changing their colour by certain processes. It is pro- 
{ bable that chemists have not hitherto had an opportu- , 
“nity of often examining the pure salts of cobalt; for 
several of the other metals adhere to cobalt with such 
_ persevering obstinacy, that it is very difficult to obtain 
it in a separate state. The salts of cobalt may be di- 
Bpiseristed by the following propeasers : 


* Bergman, it. 295. 
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4 yield crystalline grains scarcely soluble in water: oxa- 
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Characters. 


blue colour. It is decomposed also by alkalies, which 


when assisted by heat. The solution has_a red colour, 
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1. The greater number of them are soluble in wate : 
and the solution has a reddish or brownish colour. 
2, The alkalies, when dropt into these solutions, oc= 
casion a blue-coloured precipitate. 
3. Triple prussiat of potass occasions a brownish yele 
low precipitate, often with a shade of blue. 
4e Hydrosulphuret of potass occasions a black preci 
pitate, soluble again if the hydrosulphuret be added in 
excess. According to Proust, sulphurated hydrogen 
gas occasions no precipitate in these solutions *. 
‘5. Gallic acid produces no change; but the tincture: 
of nutgalls occasions a yellowish-white precipitate. 
_6. Cobalt is not precipitated from its solution in acids 
by zinc. |, ay an 
Sp. 1. Sulpbat of Cobalt. - 4 
SULPHURIC ACID oxidates cobalt with rhe, assistance 
of heat ; sulphurous acid gas is emitted, and there re= i 
mains behind a brownish red mass readily dissolved byl 
water. The solution is red; and yields by evaporation 
small needle-form crystals, consisting of rhomboidal j 
prisms, terminated by dihedral summits. This salt has 
a reddish colour. When heated it melts, swells up, and , 
is decomposed, leaving the oxide of cobalt of a deep 


precipitate its base in the form of a- fiesh-coloured 
powder. : 4 Pi 
Sp. 2. Nitrat of Cobalt. if ? , 4 


F 


Nitric ACID attacks cobalt with violence, especially 


” 
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Fahd yields me evaporation small prismatic crystals of a a IIL 
red colour, deliquescent in the air, and decomposed by | 
heat, leaving a deep red powder. 


Sp. 3. Muriat of Cobalt. 


Murtatic acip acts with difficulty upon cobalt, 
even when assisted by heat ; but it dissolves the oxide 
q of that metal with great facility, and even takes it from 


> 


- sulphuric acid. The solution of oxide of cobalt in mu- 
tiatic acid has a pale red colour, and yields by evapora~ 
tion small deliquescent crystals of muriat of cobalt. 

; This solution constitutes the first and best known of © 
8 Hl the sympathetic inks, It is diluted with water till Sympathee 
its colour almost disappears ; and then the characters aca 
Fpiiiien With it on paper are invisible while cold, but if 
“the paper be gently heated they acquire a fine green co- 
lous, which disappears againwhen the paper cools, This 
may be repeated as often as we please, provided care 
be taken not to heat the paper too much, otherwise the 
characters acquire a permanent brown colour. Klap- 
roth has shewn, that this change to green only takes 
"place when the cobalt-solution is contaminated with 
iron: : if the cobalt be pure, the characters; instead of a 
‘green, acquire’ a blue colour when heated*. This 
perepeheris ink was first made known by Waitz in 
1705+; it was described a second time by Teichmeyer 
bin 1731 {; anda third time by Hellot in 1737§. The 


cause of this singular change of colour has not hitherto 
been explained in a satisfactory manner. It takes place 


t 
Se 


7. Klaproth’s Observations on the Fossils of Cornwall, p. 64. Eng. Trans, og 
p. y + See Wiegleb’s Geschichte, i. 126. 
i $ Commerc. Litterarum, p. 91. § Mem. Par.1737.° 
y ‘Vor. III. Pies kt 
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Phosphat. 
v 


Fluat. ; 


Borat. 


Carbonat. 


its oxide, and forms with it a yellow-coloured gelati- 4 


‘lized in small four-sided prisms or tables. — : 


ert OF 


equally i in close vessels; so that it can scarcely be ascris 
bed to the action of the air or of moisture. At present 
it is supposed, but without any direct proof, to be ow- ; 
ing to the partial deoxidation of the oxide of cobalt by 
heat, and its reabsorption of oxygen when cold. 


Sp. 4, 5, 6,.7, 8, 9. 


PuosrHoric acip dissolves cobalt, and forms ared- 
dish-coloured solution which deposites phosphat of co- 
balt when saturated. | 
' Enuoric acrp does not attack cobalt, but it dissolves 


wf 


nous solution *. 

Boracic acip has no action on cobalt; but the borat — 
of cobalt may be formed by mixing borat of soda wath 
nitrat of cobalt. ee 

CARBONAT OF CoBALT may be formed also by preci- 
pitating cobalt from its solution in acids by means of an 
alkaline carbonat. hy 

The tungstat, molybdat, and chromat of cobalt are ‘, 
still unknown. 


Sp.10. Arseniat of Cobalt. 


ARSENIC ACID, when digested upon cobalt, acquires. 4 
a red colour, but it does not dissolve the metal coms | 
pletely. Arsenic acid does not precipitate cobalt from : 
its solution in acids; but the alkaline arseniats occasion © 
a precipitate of a fine red colour, which is arseniat of 
cobalt +. , This salt is found native; sometimes in the 


state of a fine red efflorescence, and sometimes crystal ; 


* Scheele, i. 35. _ $ Ibid, 186. 


| COBALT. 


Sp. It. Acetite of Cobalt. 


cility. The solution does not crystallize ; and when 

_ €vaporated to dryness, soon deliquesces again. It has 

i a fine red colour while cold, but becomes blue when 
heated *: 


AcETous Acrp dissolves the oxide of cobalt with fa- 


Fy 


e Sp. 12. Oxalat of Cobalt. 


if OXALIC ACID attacks yas and converts it into 4 
red powder, which is oxalat of cobalt. This salt is in- 
soluble in water, but it dissolves in an excess of acid, 


_ and yields crystals. Oxalic acid precipitates an oxalat 
of cobalt from the solution of that metal in most a= 


The remaining salts of cobalt have not hitherto been 
; examined. ' 


Genus XVI. Satts or MANGANESE. 


: Att the properties of this genus of salts with which 
_ (we are even at present acquainted were ascertained by 
q Bergman and Scheele, by whose labours the oxide of 
7 manganese, one of the most important of all their in- 
. struments, was first put into the hands of chemists. 
i _ The salts of manganese may be Se astins by the fol- 
lowing propeities : 

1. They are,almost all soluble in water; and the so- 
~ Jution, when treated with fixed alkalies, deposites a 
: white or reddish coloured precipitate, which very soon 


_ becomes black when exposed to the air. 
Bie 73 


~ ® Wenzel’s Verwand. p. 194. | + Bergman, i. 270, 
F2 
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2. Triple prussiat of potass occasions a yellowish- 


white precipitate when dropt into these solutions. 

3. Hydresulphuret of potass occasions a white preci« 
pitate. Sulphurated hydrogen gas gives the solution a 
whiter colour, but produces no precipitate., 

4. Gallic acid occasions no precipitate, 

5. Manganese is not precipitated from its solution im 
the metallic state by any of the other metals. 


Shut, Sulpbated Manganese. 


SULPHURIC. ACID acts with energy on manganese, es~ 
pecially when diluted with two or three times its weight 
of water, and forms with it a colourless solution. It 
dissolves also with equal facility the white and red ox. 
ides of manganese ; but it has no action whatever on 
the black oxide unless assisted by heat. When that is 
the case, oxygen gas passes off in abundance, and the 
oxide is dissolved. The same solution takes place 
without the emission of that gas when a little sugar is 
added to the mixture. Hence we see that the black 


oxide 1s incapable of combining with sulphuric acid, since 


it always loses a portion of its oxygen before solution. 
But Bergman has shewn, that both the white and the 


red oxide combine with that acid, and form with it a — 


salt. So that we have two combinations of sulphuric acid — ; 


and manganese: first, the combination of sulphuric acid 
and the white oxide, which form su/phat of manganese; 
and, secondly, the combination of the acid with the red. 
oxide, which Constitutes oxy-sulphat of manganese, 

ua Sulpbat of manganese. ‘This salt is obtained pure 
by dissolving manganese in diluted sulphuric acid, or 
by dissolving the black oxide in that acid, adding at 
the same time a little sugar. The solution is colour- 


\ 


: 


erystals of sulphat of manganese. These crystals have a 
very bitter taste, and are decomposed by heat, which 
drives off their acid. Alkalies precipitate from them 
the manganese in the state of a white oxide*. 

« 2. Oxy-sulpbat of manganese. This salt may be obs 
tained by distilling sulphuric acid from the black oxide 
of manganese, and washing the residuum in water. “A 
red or rather violet coloured liquid is thus obtained, 


which holds im solution the oxy-sulphat of manganeses 
_ This solution is difficultly crysiallized, but passes reas 


dily into a ‘gelatinous form. {he few crystals which 
are mixed with this jelly are soft, and have but little 


_ permanency. When evaporated to dryness, it yields 


thin red-coloured saline crusts, which: precipitate suc 
eessively from the surface, and which do not readily des 
liguesce: This salt is very soluble in water ; and als 
kalies precipitate the manganese in the state of a red 
oxide, which soon becomes black when exposed to the 
air +. ! 

u Sulphurous acid readily dissolves the black oxide of 


manganese, and forms with it sulphat of manganese, as 
Scheele ascertained {. The theory’ of this is obvious. 


Part of its oxygen is abstracted from the manganese by 


the acid 5 in consequence of which, the black oxide is 


- phuric acid. It is not known whether sulphurous a+ 
eid forms with the oxides of manganese a permanent 
salt. 


7 * “® Bergman, li. 210. + Ibid. p.ary. t Scheele, i, 4. 
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Sp. 2. Nitrated Manganese. 


NITRIC ACID dissolves manganese with effervescence, 
occasioned by the emission of nitrous gas. It dissolves. 


the white oxide with facility, and without the emission 
of any gas: but it has very little action on the black 


oxide ; however, by very long digestion, it at last diss 
solves a part of it. The solution goes on much more — 


rapidly if a little sugar or gum, or any similar sub- 
stance, be added, and at the same time a quantity of 
carbonic acid gas is emitted. Hence we ‘see that the 
black oxide must part with a portion of its oxygen be- 
fore nitric acid can dissolve it. Nitrous acid acts upon 
the black oxide much more readily, and is converted 


entirely into nitric acid. The solution, in what man- | 


ner soever it has been made, is always colourless, pro- 
vided the manganese be pure. Hence we may conclude 
that it contains only the white oxide. So that, as far 
as is known at present, there is no such substance as 
oxy-nitrat of manganese. This solution does not ery; 
stallize how slowly so ever it be (ote es 
decomposes it, and leaves the oxide * 


Sp. 3. Muriated Manganese. 


Mursatic acip readily dissolves manganese with 
an effervescence occasioned by the emission of hydrogen 


gas. It dissolves the white oxide without effervescence, 
and the solution is colourless. When allowed to te- 
main cold upon the black oxide, it ‘dis solves a portiom 


_ of it, and forms a red solution, which deposites red 


oxide when diluted with water. When heat is applied 


% Scheele, i. 43, 643 and Bergman, ii. 226. 


a, 


MANGANESE. , 


ny Al 


acid, an effervescence takes place, and oxy-muriatic 
acid gas is emitted. The oxide becomes white and 
_ gradually dissolves. In this case the acid is divided into 


the black oxide. If sugar or any other similar vegetable 
substance is added, no oxy-muriatic acid gas is emitted, 
__ but instead of it carbonic acid gas. From these facts it 
is obvious that muriatic acid combines both with the 
white and red oxides of manganese; so that there is both 
a muriat and oxy-muriat of that metal. But the pro- 
_ perties of these salts are still almost unknown. Accord- 
ing to Bergman, the muriat crystallizes with diihculty, 
and when evaporated to dryness yields a saline mass, 
which attracts moisture. The solution of the oxy- 
muriat is red, and it seems to be partly decomposed by 
water *, | 


Aa) 


Sp. 4. Phosphat of Manganese. 


_. PxospHoric aciD has but little action on manga- 
_ mese or its oxides, because it forms with them a salt 
difficultly soluble in water, But phosphat of manganese 
may be obtained in the form of a precipitate, by mixing 


hitherto examined. 


* Bergman, ii. 217.—Scheele, i. 46. and 67. 
} Scheele, i. 48.—Bergman, ii. 219. 


F4 


oxide, as it is set at liberty by the decomposition of 


“an alkaline phosphat with the solution of manganese in __ 
any of the three mineral acids }.. ‘This salt has not been ~ 
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Sp. 5 ond 6. Plat and Borat f Mangano, 


Tue fluoric and boracic acids form likewise with thal 3 
oxides of manganese salts difficultly soluble in watery 
the properties of which have not hitherto been much’ 
examined, ‘ieee ‘acids have but. hie action on man-— 


ganese may be easily formed by pouring the eae ‘ 
fluats or borats into sulphat or muriat of manganese. a 


Sp. 4. Carbonat of Manganese. 


Lrquip CARBONIC ACID attacks manganese or its 
black oxide, and dissolves ‘a small portion. When the 
solution is exposed to the air, the acid gradually escapes, 4 
and a white pellicle forms on its surface, consisting of © rs 
white oxide. During the solution of manganese in this : 
acid, an odour similar to that of burning fat is panedpn. 7 


Remaining Species. 


8. AcETous acip has but little effect upon manga. B 
nese immediately; but it dissolves a small portion by long | 
digestion, as it does also of the black oxide. The so+ 
lution does not yield crystals, and when evaporated to — 
dryness soon deliquesces again +. | 
» g. Oxalic: acid attacks manganese, and ‘dissolves the 


turated, lets fall the oxalat of manganese in the state of 
a white powder. Oxalic acid precipitates the same 
powder from.the solution of manganese in UPON 
nitric, or muriatic acid {. 


* Bergman, i. 35 and Scheele, i. 51 _ t Bergman, i. 219. ‘i “s 
. fIbid, i. 272, and ul. 219. ; 


| MANGANESE, 


¢ 


a 4 


“10. biestences acid. dissolves black oxide of manga- 
nese cold; but the solution is blackish : when heated, 
an effervescencé ensues, owing to the decomposition of 
part of the acid and the escape of carbonic acid gas, 
and the solution becomes colourless. ‘Lartrite of potass 
" precipitates tartrite of manganese from the solution of 
_ that metal in any of the three mineral acids *. 


- gatiese exactly as tartarous acid +. 
12. Arsenic acid dissolves the white oxide of man- 


_ ganese with facility; and when it approaches the point_ 


of saturation, the solution becomes thick, with small 


as. Citric acid acts upon the black. oxide of man- Ci 


Chap. UL 
Sapna met 


‘Tartrite, 


_ crystals, which separate. ‘These crystals are arseniat of - 


_ manganese. They are precipitated when an alkaline 
' arseniat is dropt into the solution of manganese in an 
4 - acid. These crystals do not melt when: heated, neither 
_ does arsenic sublime, unless charcoal be raixed with 
yes | ; eH 
13. Benaaic acid dissolves the white oxide of arsenic 
E with facility The solution yields. small. crystalline 
-, scales easily soluble,in water, but sparingly in alcohol, 


_ They are not altered by exposure to the air §, 


ot eal 
ms 


Genus XVI. Sattrs or Tuncsten,. 


Turis genus of salts is altogether unknown; the. 


Benzoat, 


scarcity of tungsten, and the difficulty of obtaining itin 


_ astate of purity, having hitherto prevented the possi- 


_~ bility of attempting to ascertain the compounds which 
its oxides are capable of forming with acids. 


) 
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- Neither sulphuric nor muriatic acids seem capable of by 
altering the metal ; but nitro-muriatic acid attacks it at 
a boiling heat, and nitrous gas is emitted *. 


“ 


Genus XVIII. Sartrs or MotyBDENUM, — 


Tus genus 1s scarcely better known than the pree ake 
ceeding, and for the same reasons. It has only been ; | 
ascertained that muriatic acid’ does not attack molybde- - 
num ; that sulphuric acid oxidates it at a boiling heat; 


and that nitric acid converts it into molybdic acid. 


GENUS XIX. Satts of URANIUM. 


S 


Tears genus of salts has been hitherto examined only — 
by Klaproth and Richter. The salts of uranium may _ 
be distinguished by the following properties: — | 

1. The greater number of them are soluble in water, 
and the solution has a yellow colour. 

2. The pure alkalies occasion in these solutions a 
yellow precipitate ; the alkaline carbonats a white pre- 
cipitate, soluble in an excess of alkali. i 

3. Triple prussiat of potass occasions a brownish-red , 
precipitate, which does not assume the form of flakes” 
like the prussiat of copper. : | 

4. Hydrosulphuret of potass occasions a brownish- _ By 


\ 
\ 7 
oo ” 8 


yellow precipitate. | 4 
5. The infusion of nutgalls occasions a chocolate-co- 


loured precipitate. } dg 
6. No precipitate is occasioned by zine, iron, or tint. 
ae 


———— eet 


\ 


* Vauquelin and Hecht, Four. de Min. No. XIX. Ps 6250 
+ Klaproth, Crell’s Annals, i. 130. Engl. Transl. 


Che ee 


| URANIUM. 


* 8p. 1. Sulphuric acid, when diluted, readily dissolves 
the yellow oxide of uranium, and the solution yields by 

_ evaporation fine orange-coloured prisms of sulphat of 
uranium *. 

2. Nitric acid cheba the oxide of uranium with 
facility, andthe solution yields, when evaporated, 
large crystals of nitrat of uranium of a beautiful yel- 
lowish-green colour, and in the form of hexagonal 
tables, which effloresce in the air +. 

_ 3. Muriatic acid forms with oxide of uranium deli- 
quescent crystals of a yellowish-green colour, and in the 
form of four-sided tables +. 

4. Phosphoric acid forms with oxide of uranium 
yellowish-white flakes, scarcely soluble in water. The 
salt may be precipitated by Pee phosphoric acid to 
the acetite of uranium f. : 

5. Fluoric acid dissolves the ello oxide, and forms 
with it crystals which do not deliquesce. 

6. When an alkaline arseniat is dropt into nitrat of 
uranium, the arseniat of uranium precipitates in the 
state of a yellowish-white powder. : 

4. and 8. The tungstat and molybdat of uranium 
may be obtained by a similar process. The first is a 
brownish-white powder, insoluble in water; the second 
is whitish-yellow, and difficultly soluble. , 

g. Concentrated acetous acid dissolves oxide of ura- 
nium by digestion, and yields beautiful yellow crystals 
in the form of long, slender, transparent, four-sided 
prisms, terminated by four-sided pyramids. When 
heated gradually, the acid is decomposed and driven off, 

ed 

% Klaproth, Grell’s Annals, i. 130. Engl. Trans - $ Ibid. 

{ Klaproth, ibid. p. 135; 
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but the remainingoxide still retains the form of the 


mena Crystals *, 


'Fartrite. 


' Characters. 


to. Tartarous ‘cid forms with the oxide of uranium 
a salt scarcely soluble in water. 
_ Richter formed also the borat, oxalat, citrat, malat, 


perties of these salts have not been described. 


Genus XX. Sats oF TITANIUM. 


For all that is at present known respecting this ge= 
nus of salts, we are indebted to the experiments of 
Gregor, Klaproth, Vauquelin and Hecht. ‘The salts 
of titanium may be distinguished by ‘the wee pros 
ean 


‘ benzoat, succinat, and sebat of uranium} but the pros © 


1. They are in general colourless, and in some de-— 


gree soluble in water. 
2. The alkaline carbonats occasion in these solutions 


a white flaky precipitate. 


3. Triple prussiat of potass occasions a grass. green 
precipitate mixed with brown When an alkali is dropt 
in after the prussiat, the precipitate becomes: purple, 
then blue, and at last white. 

4. Hydrosulphuret of potass occasions a dirty glass- 
green precipitate. Sulphurated hydrogen gas occasions 
no precipitate. | mpi 

‘5. The infusion of nutgalls occasions a very bulky 
reddish-brown precipitate. If the solution is concen~ 
trated, it assumes the appearance of curdled blood. 


6. When arod of tin is plunged into a solution of 


titanium, the liquid around it. gradually assumes a fine - 


a ee eae ed 


* Klaproth, Crell’s Aanals, i. 135. Engl. Trans. 
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ted colour. A rod of zinc, on the other hand, oceasions Chap. HI. 
emyeroomd 
a deep blue colour *. | 
Sp. 1. Boiling sulphuric rit nates titanium, and Sulphat, 
dissolves a small portion of it; but on the red oxide of 
titanium that acid has no action whatever. It dissolves - 
the carbonat of that metal with. effervescence, occa- 
sioned by the emission of carbonic acid. Lhe solution, 
when evaporated,. is converted into.a white opaque ge- 
latinous mass. 
2. Nitric acid has no action on the red oxide of ti- Nitran 
tanium, and scarcely any upon the metal; but it dis- 
- solves the carbonat, provided heat be applied; and the 
solution yields by evaporation transparent crystals, in the 


; form of elongated rhombs, having two opposite angles 
truncated, so as to represent six-sided tables... Accord- 
ing to Vauquelin and Hecht, this solution only suc- 
ceeds when the metal is combined with a minimum of 
oxygen. ? 

3. Muriatic acid dissolves titanium; but it has no Muriat. . 
effect upon its red oxide. The carbonat of titanium is 
readily dissolved by this acid; and the solution, accord- 
ing to Klaproth, yields transparent cubic crystals. Ace 
cording to Vauquelin and Hecht, the solution is yel- 
low, and assumes the form of a jelly when evaporated. 
Heat occasions the emission of oxy-muriatic acid, and 
the oxide precipitates, and is no longer soluble in mu- 
riatic acid, unless it be boiled in nitric acid. Hence 
they conclude, that the muriat contains titanium com. 


bined with a maximum of oxygen, and that the sub- , 
oxide is incapable of uniting with muriatic acid. 


4 and 5. When the phosphoric or arsenic acid, is 


* Klaproth’s Bedrage, 1. 2330 
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dropt into the solution of titanium in inde it occa= 
sions a white precipitate. 
6. When one part of red oxide of titanium and six 


‘parts of carbonat of potass are melted together in a 


crucible, the mass, when washed sufficiently with water, 
leaves a white powder, with a slight red tinge, which 
Vauquelin and Hecht have ascertained to be carbonat 
of titanium. According to the experiments of thesé 
chemists, it is composed of 75 white oxide 

25 carbonic acid 


160 


4 and 8. Oxalic and tartarous acids likewise occa< 
sion a white precipitate, but it is redissolved again als 
most as soon as formed *: ‘ 


Genus XXI. Sats oF CHRomum. 


Turs genus of salts is still altogether unknown; the 
small quantity of chromum hitherto obtained not ha- 
ving permitted chemists to examine the combinations 
which its oxides are susceptible of forming with acids. 
But the presence of this metal in solution may be ascer- 
tained by the following properties : 

1. Triple prussiat of potass occasions a green preci« 
pitate. } 

2. The infusion of sigh Free occasions a brown preci- 
pita te. 

3. The hydrosulphuret of potass occasions a green 
precipitate, which a few drops of nitric acid change to 
yellow. | 


*® Four. de. Min. No. xv. p.1. 
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SECT. III. 


~ REMARKS ON THE SALT 


g 

x 

q Suc are the properties of all the salts which have 
been hitherto examined by chemists, and which amount 
to no fewer than 505. Great as this number is, it 
_ cannot be doubted that the class of salts will be consi- 
abl increased hereafter. | 

Of these bodies, there are some, as alum, copperas, 
&c. which constitute the basis of different arts and ma- 
nufactures, and which therefore are of sufficient im- 
portance to deserve an accurate examination even on 
their own account. Others, again, are the source from 
which chemists obtain many of the most valuable of 
their instruments of analysis ; as nitre, common salt, 
phosphat of lime, sal ammioniac, sulphat of barytes, &c.; 
and therefore naturally claim the particular attention. 
of all those who cultivate the science. But it must be 
allowed, that by far the greater number of saline bodies 
afte at present of no apparent use whatever, either in 
the arts or in chemistry. At first sight it may appear 
a very useless piece of labour to be at the trouble of 
examining and describing these; but there are several 
reasons which render a precise knowledge of all the 
salts not only proper, but even necessary. 

Were we to limit ourselves to the examination of 
those things whose usefulness is already known, there 
would be an end of all improvement. Every thing 
must be useless, as far as regards us, till its properties 
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be known, and the purposes to which it may be ape ; 


plied ascertained. Many of those salts which we at 


present consider as of no utility, may hereafter be found — 


of the greatest consequence, when their properties 
have been more completely investigated. This remark 


has been verified more than once within these few 


years. ‘The muriat of lime, for instance, was formerly _ 


thrown away, but is now applied with great advan- 


tage to produce artificial cold; and the oxy-muriats, 
‘though a new class of salts, constitute an essential in- 


gredient in the process of bleaching. Want of utility — 


therefore is but a meagre reason for neglecting the ex- 


amination of the salts, unless it could be demonstrated 


a priori that they never can be applied to any use. 

But were we even certain that this were the case, 
still the examination of a great number of these salts 
would be indispensable: For those salts which are the 
most useiul are seldom or never found in a state of pu- 


rity; they are constantly mixed and contaminated with 


other salts, from which it is necessary to free them be- 


fore they will answer the purposes to which they are 
usually applied. Now these foreign salts cannot be 
separated unless we be acquainted with them, at least 
sufficiently to know the effect of different agents upon 


them; that is, unless we be acquainted with their pro- 


perties. Thus we see that it is not possible to obtain 


those salts which are really useful, without.at the same - 


time knowing the nature of many salts which have been 
applied tono use. Thus comaion salt is always mixed 
with muriat of magnesia, and cannot be obtained unless 
we understand the method of separating or dscompps 
sing that salt. ¥ 
But it is not strictly true that many of the salts are 


Lis 
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he Sigs aa J | 
altogether useless. It may be affirmed, with the great. Chap. III. aie 
est ‘truth, that, even at present, there is not one among we 


‘4 them, the knowledge of whose properties is not of some 
advantage. One of the most important and difficult 
things in chemistry is to ascertain exactly the nature 
and composition of different bodies. Now this can on- 


ly be done by observing the changes produced upon 
| them by other bodies, and the compounds which they 
are capable of forming. ‘Thus if, on examining a sub- 
e stance, I find, that when, combined with sulphuric acid, 


=4 t forms a heavy insoluble white powder ; with muria- rate 
tic acid, a very soluble salt, which crystallizes in ta- | ie 
bles, and is insoluble in alcohol ; with phosphoric and a 
oxalic acid likewise an insoluble powder, &c.—I con- . Ke) 
. clude, without hesitation, that itis barytes. A sub- : 
tance which dissolves in sulphuric acid, and forms a salt f 
of a blue colour, crystallized in rhomboidal prisms, of 

i an acrid taste and caustic, which forms with muriatic 

' acid a green salt, which becomes blue when mixed with . 
* ‘ammonia, and which when mixed with alkalies occa- | Ay 
“sions a blue or green precipitate—TI conclude to be cops | ae te 
per. Thus it is the knowledge of the salts which the “ 7 
di ferent alkalies, earths, metals, and acids, are capable as 
of forming, which enables us to discover their presence 
when they enter as ingredients i into different compounds. , 
Here; then, is a reason for studying the properties of 


the salts, independent of their utility as individual bo- | 
dies; and it may be affirmed with truth, that chemical “ 
<ill is in every case ‘proportional to the extent of this 
owledge. . 3 

_ The great number of saline bodies renders it a diffi- 
eu iit task to remember the properties of each. Indeed WM 
th he ‘thing ‘would be impossible, were it not the salts na-- s 
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Salts di- 
vided into 
two orders. 


F irst order. 


either, 1. Soluble in water; and in that case the solu- 


Second or- 
der. 


‘triple prussiat of potass +. or infusion of nutgallst: or, 


or if not, at least when potass is added. The insoluble e 


-cipitate with hydrosulphuret of potass, triploge 


SREMERES ON THE SALTS, Bis 


s 
ry 
turally arrange eisestile'cs into certain groups, the: in 


dividuals belonging to which all agree in certain ger Ca 
ral properties which may be remembered with facility 5 


and after these general properties have indicated the 


group to which a given salt belongs, | it is much easier 


to ascertain the species. 


as a 
7. bi ee 


The salts may be divided conv cenit into two apa 
ders, under one or other of which every salt i is ‘to be 


placed. These two orders constitute the two first Sec- 


tions of this Chapter. The first order comprehends 1 un~ 
der it all the earthy and alkaline salts ; the second r 
der all the metalline salts. 

The first order may be distinguished by the follow- 
ing characters: The salts belonging to this order are, 


<<" 
~ 


tion is not precipitated by hydrosulphuret of potass ‘i ” 


2. Insoluble in water; and in that case they are either” 
soluble 1 in muriatic acid, or become so when heated to 
redness, or fused with carbonat of potass; and the solu- 
tion yields a precipitate when sulphuric acid is added, 


salts afford with borax, before the blow-pipe, a white 
glass or enamel. a ‘4 

The second order may be distinguished bd thes eal 
lowing properties: The salts belonging to it are, cither, 
1. Soluble in water; in which case they afford a pre- 


be t 


AT ee 
* Except salts with base of alumina or zirconia. 


+ Except salts with base ‘of yttria or zirconia. 
¢ Except salts with base of yttria, glucina, or zirconia. 
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f of potass *, and the infusion of nutgalls+: or, 2. Inso- 
Table i in water ; in which case, when fused with borax 
by the blow-pipe upon charcoal, they either afforda 
button of metal, or form with the borax a coloured 
i glass. 3 | ; 
_ The first order is divisible into 32 genera ; bie salts . ante 
‘belonging to which may be distinguished by the cha- 
racters of these genera given in the first Section of this 


Chap. IIL 


chapter. The species may be ascertained by the de- . \ 
scription there given; but the investigation will be 
much facilitated bY attending to the following observa- 
tions: | 
__1. The species may be distinguished into two kinds; ae epee | a 
those whose base is an a/éali, and those which have an cies, 3 
7 earthy base. - 
j 2. The alkaline salts are all soluble in water. Potass 
occasions no precipitate of a white powder when added 
. to the solution ; 3 neither does oxalic acid occasion any 
_ precipitate. oY TN ie Beak 
z 3. The salts with an ammoniacal base are all either 
- dissipated entirely, ot converted into'an acid whenex- i 
) per’ to a red heat. / DM: 
4. Many of the earthy salts are eae in water ; i 


a white powder is precipitated from the soluble Latta 
either by the addition of potass or of sulphuric acid. 


aa 


_ 5. The salts whose base is barytes are allt insoluble 


in water, or nearly so, except six; namely, the nitrat, = 
muriat, acetite, lactat, benzoat, and prussiat; from the 


eS 


i a a a ne 


Sus 


_ * Except salts of gold, platinum, antimony, and tellurium. i 
ot Except salts of platinum, zinc, arsenic, and manganese. ca : y: 
OM Five of them are still unknown ; namely, the oxy-muriat, molybdat, , sie 
ch preety gallat, and sebaty 3) eS 
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soluble in water except ten; nately, nitrat, muriat; 


solutions of have sulphuric acid occasions a white hea- 
vy insoluble precipitate. 

6. All salts whose base is strontian are nearly inso» 
luble in water, as far as they have been examined, exe 
cept six; namely, nitrat, muriat, oxy-muriat, acetite 
tartrite, and citrat. These also yield an insoluble white 
powder with sulphuric acid. But the alkalies occasion - 
no pico! pitate either in the solutions of barytic or strufs 


t 


a! “4 


tian e alts. Oe 
ie 


7. All salts whose base is lime are very sparingly 


oxy-muriat, arseniat. acetite, malar, lactat, be enzoat, 
prussiat, and sebat. The lime is precipitate from these 
solutions by oxalic acid, fixed alkalies, and by sulphu- 
ric acid, if the solution be concentrated, but not by ams i 
monia. Se 
8. The magnesian Salts are all soluble in water exe 4 
cept seven ; namely, phosphite, fluat, carbonat, oxalat, 
tartrite, mucite, and camphorat. Their solution yields. 4 
a precipitate with ammonia, which forms with ae 
ric acid a very soluble bitter salt. © 0 © 9 et ’ 
g- The alkaline earths form with acids a great. 
er number of salts soluble in water in ‘proportion 
as the alkaline -properties of the earth diminish. Ban 
rytes forms salts, the greater number of which are in 
soluble ; strontian seems to form a greater ‘number 2 
soluble salts than barytes ; lime forms a still greater 
number ; and almost the whole of the manne: salts 
are soluble in water. ’ : ies e | 
10. Six of the aluminous salts are msolwnle! in water ; 
namely, sulphite, phosphat, borat, arseniat, tungst 
and mucite. The alumin us salts are all seit 
their acid by heat. With potass they yield a precip 


] 


pl hat of potass is added to the solution, crystals of alum | 


ar re gradually obtained. The alumingus salts, let fall a 
Pp Ba ipitate when hydrosulphuret of pas is eRe ants 


ty 


their solution. ti 
: a : 
i 


_ ir. The salts of yttria are E Aonipased: by hehe adi 
by alkalies; they have a sweetish astringent taste; ~ 


: triple prussiat of potass and infusion of nutgalls ocea- 


‘sion. a precipitate when poured into their solutions. 

nee The salts of glucina are decomposed by heat and 
b by alkalies : : they have a sweetish taste. The preeipis 
te hae from them by saith ¢ tedissaleed in 


afusion of nut a not 5 Ca ae pone of pot- ; 
ee I 3. The zirconian salek have an austere taste : they 
are decomposed by heat and by alkalies. The precipi- 
“tate separated from them by these last bodies, when 
f redissolved i in muriatic acid, is precipitated by hydro- 
-sulphuret of potass, triple prussiat of potass, and by the 
infusion of nutgalls, . 

. The second order of salts is divisible into 21 genera 
each of which may be recognised by the characters gi- 
ven in the second Section. The species in these genera 
may be distinguished from each other by. the proper- 
ties of the different acids which form them ; and these 
properties have been enumerated in the first Section as 
y he characteristic marks of the genera of earthy and me- 
| allie salts, 
The following TABLE, which gives a laiant view 
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Division I.- 
Bf Cc H AP. IV. 
: OF HYDROSULPHURETS. 
“yf eet 


efeiphic SuLpHURATED HYDROGEN Gas possesses the propria : 
ratedhy- of anacid. It is absorbed by water in considerable quan-” ¢! 
drogen, 

tities, and the solution reddens vegetable blues; it com-— 4 

bines also with alkalies and earths, and with several ee 
j _ metallic oxides. The greater number of these proper= 
8 | ties were. first pointed out with precision by Mr Kire 
, wan ; but they were afterwards much more inlly deve 
y ~loped by. Berthollet. 3 NS. : 
| - Liquid sulphurated hydrogen, or sulphurated hydro- 
gen gas dissolved in water, 1s not decomposed by expo- — 
sure to the air; but the gas is gradually separated and 
carried off by the air without decomposition. © When 
sulphurous acid is mixed with this solution, both the 
sulphurated hydrogen and the acid are in a great mea~ 
sure decomposed ; the hydrogen of the one combines. 
with the oxygen of the other, and forms water ; while _ 
the sulphur of both is precipitated, as was first obs 
served by Fourcroy, and more fully ascertained by Ber- 
thollet. ‘Nitric acid produces the same effect unless it 
be too much diluted with water. Hence the reason that 
sulphur precipitates when that acid is mixed with wa- 
ter, holding sulphurated hydrogen in solution, as Berg- 
man first observed. Oxy-muriatic acid, on the other 
hand, conyerts the sulphurated hydrogen into water 


ape. iin. edi 10§ Hi 
ees ist his. Hens ¢ 


4 ‘gulphutic acid, by supply 9S both of i its component, Chap. v. 

parts with oxygen. f | Sin Ae : 
" Sulphurated hydrogen has a strong action on the igs Boies 
eater number of metallic oxides; its hydrogen abe AN 
stracts oxygen n from these bodies, and thus either brings 
them to the metallic state or to a minimum of oxygen; 
ile at the same time its sulphur combines with the 
‘metal thus regenerated. Hence the reason of the change 
produced upon the solutions of the metallic salts by | 


2) 


apeerengia of liquid sulphurated heen All the - 


fo lowing metals: ee 
Bp) T...Lron, .4, Manganese, 
| a. Nickel, 5. Titanium: and also 
» 3. Cobalt,’ . .... 6,.Molybdenum *. At 
3 _ Berthollet and Proust have shewn, that the oxides of eee 
these metals are reduced. by sulphurated hydrogen to a tates. 
‘ ninimum of oxygen; butas in that state they have 
but little affinity for sulphur, they continue combined 
with the acids which held them at first in solution. Tun, 
on the other hand, which at a minimum of oxidation 
has a strong affinity for sulphur, is precipitated, though 
sulphurated hydrogen only reduces it to a minimum of 
oxidation. 
The metallic solutions differ considerably in the fa. 
¢ “a with which they afford precipitates with sulphu-_ 
rated hydrogen ; and Mr Proust has shewn that, with 
BiNttle address, metals may, in many cases, be separa- 
d from each other by means of this agent. For ine 
ce, if copper, lead, zinc, and iron, be held in solu- 


= ee SIE CR ETE EW SREN. RT 


_ # When in the state of an acid and combined with an alkali, 
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| TABLE: 


ere 
hurated 


ydrogen. 


and, lastly, the zinc; while the iron still continues. ae 
solution *. The different metals may be distinguished 


BO elie ae 
ole HYDROSULPAURETS. \ 


tion Mareiheral in nitric acid, sulphurated pies first 
separates the copper in the form of a black precipitate, 
which may be removed by filtration ; next, the lead ; 


by the colour of the precipitate which their solutions 
yield with sulphurated hydrogen. The colours of these 
different precipitates may be seen in the following 


Gold Ot ORS, 
S ibwer ine iniacg. eisned hale 
Merourys!s sela-nem.o Black, 
i», Black 
SP Is Boss ie xe DT OW 
D680 ioe Pi ks sehe.slishe ete emee 
Zanbdwlolil. 2. sc 10st shoe 
Bisrnuths sis ovocl, ecBladk 
Antimony sia age cap Operipgs 
ANTsenic ) is .ic sie oy Lellow 


Coppers «. o «csars 


Molybdenum ..... Brown 

Got hurateld hydrogen has the property of conta 
with sulphur, and of forming a compound which ha S 
the appearance of a yellow oil. It was first observed 
by Scheele +; and Berthollet {, who first examined i its 
nature, has given it the name of hydrogenated sulphur. 
When hydrogenated sulphuret of potass is poured by 
little and little into muriatic acid, scarcely any sulphu- 
rated hydrogen gas is exhaled, but hydrogenated sul- 
phur gradually precipitates to the bottom of the vessel. 
This substance, when heated, easily allows the sulphu- 


fan iret ‘3 
AE ES OE RS Ee eh ee ER a Be ' 
NE OR SE OD RN AE AEN A a a : 
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* Four. de Phys. li. 174. — t Scheele on Fire, p. 192. Engl. Trans, 
t Ann, de Chim. xxv. 247; ? (ip oe 


{Tete 


ated hydrogen gas to andes aaa is ‘converted into laces ‘chap. Iv. rh Hh 

uur. The same change | ne place when itis exposed 

to the open air. * | 

Thus we see that sulphur and ydrbien are capable 

of combining in two proportions, or, which is the same 

thing, that hydrogen combines with two doses of sul- 

phur. The first of these constitutes sulphurated hydro- 

gen gas, or hepatic air ; which, according to Thenart, 

is Eero of about 29 se wv in alte tn 
Wer 2: sulphur — ata i ; 
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_ The addition of aitother: dose. of sulphur eoribdtates ) inate 
hydrogenated sulphur, which Mr Kirwan has with Ate 2 
“propriety denominated super-sulphurated hydrogen ; 
name which certainly ought to be adopted *. Both “ 
these substances combine with different bases, and con- 
% stitute very peculiar genera of compounds, which de- 
ie serve a particular examination on account of the import- 
= purposes which they serve in analysis. The com- 
 binations which sulphurated hydrogen forms with bases, 
have been called by Berthollet bydrosulphurets, and the 
compounds formed by super-sulphurated Eideogen, bys 
_ drogenated sulphurets +. 

The alkaline and earthy hydrosulphurets may be shoe waver 


rets, 
f formed by gercleins or mixing these bases ea tess 


; ok Kirwan on Mineral Waters, p. II. 

_ + This denomination, as Kirwan has well observed, is very improper, 
as it does not indicate the composition, and is exceedingly unwieldy. 
_ * Kirwan uses the term #ep tule instead of fydrosulphuret, and hepar 
for hydrogenated sulphuret. Hepar would cettainly be far preferable, were. 
it not unluckily ambiguous, having been used likewise c» denote the sul- 
phurets. However, I shall use it occasionally in Kirwan’s sense. 


y 
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with water, aaa causing sulpburated. hydrogen gas to 
ei pass through them till they refuse to absorb any more. 
¥ nas form- "The excess of the gas is driven off by heating the solu. 
tion. It is-proper to cause the sulphurated hydrogen 

gas to pass through a small vessel of water before it 

_ reaches the base with which it is to combine, in order 


_ to separate any impurities with which it might be 
mixed. By this method solutions of the different bio. 
sulphurets in water may be obtained. They are colours 
less and transparent while kept in close vessels, but — 
when exposed to the air, they soon become coloured. — 
_ This change is produced by the decomposition | of part 

of their sulphurated hydrogen by the air. Its hydrogen — 

combines with the oxygen of the air, and forms water, 
while the sulphur is set at liberty, and thus darkens the 
Rolduri Hitherto only the alkalies, alkaline earths, and | 
magnesia, have been combined with sulphurated byte] 7 
gen. Alumina and zirconia do-not combine with it at x 
all: glucina and silica have not-been tried. Pe, 
If these compounds be decomposed while they are coe 
lourless, by pouring upon them sulphuric acid, muriatic 
acid, or any other acid which does not act upon hydro. 
gen, the sulphurated hydrogen gas exhales without the 
deposition of a single particle of sulphur; but if the hye 
_ drosulphuret has become yellow, some sulphur is always” 
~ deposited during its decomposition, and the quantity ¢ 
sulphur is proportioned to the deepness of the colour. ; 

The yellow colour, therefore, which hydrosulphurets a 

acquire by exposure to the atmosphere is owing to at 
commencement of decomposition... Part of the hydros 
gen of the sulphurated hydrogen abandons the sulphur, 
combines with the oxygen of the atmosphere, and 
forms water, By degrees, however, a portion of 
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sulphur j talsa’ converted into wee acid ; and when the Chap. IV. 
proportion of sulphurated hydrogen i is diminished, and Bete 
that of the sulphur increaséd to a certain point, the sul- - Fane 
phur and the hydrogen combine equally with oxygen. ! | 
a If sulphuric or muriatic acids be-poured upon a hy- 
- drosulphuret after it has been for some time exposed to 
the aif, a quantity of sulphurated hydrogen gas ‘exhales, " 
sulphur is deposited, ‘and after an interval of time sul. 
 phurotis acid is disengaged. It is therefore sulphurows, ee. 
add not sulphuric acid, which is forméd while the hy- 

- drosulphuret spontaneously absorbs oxygen. This acid, is 
however, i is not perceptible till after a certain interval 

‘of time, when separated from the hydrosulphuret ‘by 

7 “theans of an acid; because as long as it meets with sul 

_ phurated hydrogen a reciprocal decomposition takes 

place. The oxygen of the acid combines with the hy- 

Finis: of the gs, and the sulphur of both is precip 

‘tated. 

“These hydrosulphurets have not been sufficiently 
examined to admit of a detailed description of ‘each, 
None of them seem capable of crystallizing except the 
_ hydrosulphuret of barytes. If a solution of sulphuret 
‘of barytes in water, or, more properly, if hydrogenous 
-sulphuret of barytes be evaporated, a pieat number of 
‘confused crystals are formed; if these be separated 
_ quickly by filtration, and placed upon blotting paper to 
dry, ‘a white crystalline substance is obtained, which i iS 
eel of barytes. 

The affinities of the alkalies and earths for sulphura- 
ted hydrogen appear from the Sal nag ei of Berthol- 
let to be as follows : 

es Barytes, 3 Affinities. 
Bs Potass, ily 
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, a ‘baton aie eeaMonia, ; | 
dily wi Magnesia, 

Zirconia. 


The nadtarehaac sulphurets or ey of alkatiae nd | 

» earths may be formed by boiling the base together with © 
sulphur in a quantity of pure water, or by dissolving their — 
sulphurets.in water; in either case, super-sulphurated _ a 
hydrogen is formed, which combines with the base. 


These compounds were known formerly by the name of 
Liquid hepars or livers of sulphur. ‘They may be formed — 
also, as Berthollet has shown, by pouring a aid hye : 
drosulphuret upon sulphur ; a portion of the sulphur is 
dissolved without the assistance of heat, the liquid be- pe 


comes dark-coloured, and is converted into fal) 
nated sulphuret *. When prepared by the first process, 


they contain an excess of sulphur, which seperates when oe 
~sulphurated hydrogen is made to pass through them. ae ‘ 


Precipieate’ The hydrosulphurets and hydrogenated sulphurets 
metals, 


have the property. of precipitating all metallic bodies — 
from any solution in which they may be contained. ie. 


‘They are therefore very valuable tests of the presence 
of metals, as they do not precipitate any of the earths 


except alumina and zirconia. The metallic precipitates — 
are occasioned by the combination of sulphurated hy= 
drogen, or of sulphur with the metallic body, which is — 
always deprived of a portion or of the whole of its oxy. | 
gen, while at the same time the base of the hydrosul- 
-phuret combines with the acid which held the oxide | 
in solution. ‘The precipitate of alumina and, zirconia 


vs 


® Ann. de Chim, XXV. 242. ie 


yey 


) an 


: Pe 


“nypnosvzenuanrs: 4 


9) Cael 
is occasioned by the base of the hydrosulphuret, while 
the -sulphurated hydrogen is exhaled in the state of 
gas, not being susceptible of combining with these 
earths. Hydrosulphuret or hydrogenated sulphuret of 
potass is usually made choice of for these precipitations, 
and the peculiar metal precipitated may in many cases 
be ascertained by the colour of the precipitate. The 


following Ta BLE: 


og ets mS Precipitate by 

a Hydrosulphuret Hydrogenated inthe 
oe of Potass of Potass, 
Gold ..... Yellow .... Yellow. 


DUVer 5. 64 iBlack «;. 4.3 ..Black, . 

Mercury ... Brown black . Brown, Hib ori black. 

Copper. ...Black...... Brown. 

Iron. ..... Black. ..... Black, becoming yellow. 

BE Maes scr Blacher] i0.%s 

_ Lead ..... Black...... White, becoming black 
ENieeels} ca -20i- Blacks) sv'ienes.¢ , 

Zinc ..... White ..... White. 

Bismuth ... Black...... Black. 

Antimony .. Orange .... Orange-yellow. 

Tellurium... Black? ..... Deep brown or black. 

Arsenic ... Yellow..... Yellow. 

‘Cobalt... ... Black 4.04.0 

‘Manganese mt THES chia o's. « 

Jranium .. Brown..... Brownish-yellow *. 


« 


Titanium .. Glass-green.. Bluish-green *. 
Chromum wrfo MOLE GIG: 6+ zo he : : 
_ The nature of these precipitates has hitherto been very 
much overlooked by chemists. The subject, however, 
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‘ * In these experiments hepar of ammonia was used by Klaproth. 


colour of these different precipitates may be seen ‘by the | 
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ic ceteates wil give a sous ‘neue view of the a : 
sent state of our knowledge. Bi 
_ Ofthe pree ‘1. Stahl ascertained long ayo that dal pteaeeie potass id 
Cpitates, capable of oxidating gold when melted with it in a crus 
cible, and that the mixture is soluble in water and has 
a yellow colour; but the nature of this combination 
has not hitherto been investigated *. Ee ub hat: 
2. Lewis has ascertained that platinum is attacked 
when treated in the same way by sulphuret of potass i 
but the nature of the combination is still unknown. - — 
ce Silver is capable of combining with sulphurated 
hydrogen; but the black precipitate occasioned by 
pouring a hydrosulphuret. into a solution of silver, 
seems to consist chiefly of sulphuret of silver. it ae 


4. The same observation applies to mercury ; but 
Berthollet has shewn that the black mercurial. eae ‘ 


ret contains also a portion of sulphurated hydrogen. — 
5. Copper is capable of existing in the state of a ty 
drogenated sulphuret ; its precipitate seems to be near~ 
ly in that state, or at least to be a sulphuret with ex- 
cess of sulphur. a / “ETE 
6. Tron also forms a hydrogenated sulphuret, which 
is soluble in water, and has a deep green colour; but 
the precipitate of that metal by a hy areola is 
probably the black oxide combined with sulphur. © 
». The precipitates of tin, lead, and ad seem to be 


sulphurets. 
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mony and super-sulphurated hydrogen. This compound, 


112 


thollet and Thenart to be a compound of oxide of anti- Chap. IV. 


“under the name of hermes minera/, acquired very great Kermes mi- 


celebrity for its medical virtues about the beginning of 
the 18th century. The method of preparing it was 
first discovered by Glauber, and afterwards by Lemery 
the Elder ; but it was first brought into vogue in France 
_by'a priest called Simon, who was taught the secret of 
preparing it by La Ligerie, a surgeon, to whom it had 
_ been communicated by a pupil of Glauber. The French 
government purchased the secret from La Ligerie, and 
published the process in 1720. It was very tedious 
and ill contrived, consisting in boiling repeatedly a very 
diluted solution of potass on ‘sulphuret of antimony ; 
~asmall portion of kermes precipitated as the solution 
cooled. The process of Lemety was therefore adopt- 
ed by apothecaries. It is the following : | 
Sixteen parts of sulphuret of antimony, eight parts 
_ of potass of commerce, and one part of sulphur, are tri- 
turated together in a mortar, melted in a crucible, and 
the mass poured into an iron vessel. When cold it is 
_ pounded, and boiled in a sufficient quantity of water, 
_and the solution is filtered while hot. On cooling, it 
_ deposites the kermes abundantly in the state of a yel- 
low powéer, which is edulcorated with 4a sufficient 
i quantity of water, and dried: Or six parts of potass 
may be dissolved in twenty parts of water, and to 
_ this solution, previously made boiling hot, one part of 
‘ _ pounded sulphuret of antimony may be added. The 
- solution, well agitated, boiled for seven or eight mi- 
: nutes, and filtered while Bor; deposites on cooling abun- 
i dance of kermes. ~ 
be This powder occupied a sah deal of the attention of 
a) Vor. III, H 
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Sulphur, 
auratum. 


HYDROSULPHURETS. 


chemists. . Bergman first demonstrated that it contains ~ 


ed sulphurated hydrogen; but it was Berthollet who — 
first pointed out its true composition. From the anae 
lysis of Thenart it follows that it is composed of 
20.30 sulphurated hydrogen 
4.15 sulphur 
“2.46 brown oxide of antimony 


- 


2.79 water and loss ' 


100.00 * 


When this substance is exposed to the air, it gradually — 
absorbs oxygen, and becomes white., | 
After the mineral kermes has precipitated from its — 

solution prepared by either of the formulas above de- 
scribed, if an acid be added to the liquid, another pre- 
cipitate is produced of an orange colour, hence called 
sulphur auratum. According to the analysis of The- 
nart, it is composed of 17.87 sulphurated hydrogen 

68.30 orange oxide 

12.00 sulphur 


: 98.17 + 

The sulphur seems to be only mechanically mixed ; 
consequently the sx/pbhur auratum is a hydrosulphuret — 
of antimony. Goettling has proposed the following — 
process for obtaining this compound: Iwo parts of 
sulphuret of antimony and three parts of sulphur well 
mixed are dissolved in a boiling solution of pure pot- 
ass; the solution is then diluted with water, and preci- 
pitated by means of weak sulphuric acid{. 


—————————————————————————————— 


* Ann. de Chim. xxxii. 268. + Ibid. 
t Bergman lil, 172. ? 
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CHAP. V. 
OF SOAPS. 


. pobre pt his 
"Tue fixed oils have the property of combining with 
alkalies, earths and metallic oxides, and of forming 
with these bodies a class of compounds which have re- 
ceived the name of soaps.’ As these soaps differ from 
each other very materially, according as their base is 
an alkali, an earth, or an oxide, it will be proper to 
consider each set separately. This will be the subject 

of the three following Sections. 


SECT. Fi 


' OF ALKALINE SOAPs. 


Ass there are a great number of fixed oils, all or most 
of which are capable of combining with alkalies, earths, 
and oxides, it is natural to suppose that there are as 


-many genera of alkaline soaps as there are oils. That - 


there are differences in the nature of soaps correspond- 
ing to the oil which enters into their composition, -is 
certain; but these differences are not of sufficient im- 


portance to require a particular description. It will 
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be sufficient therefore to divide the alkaline soaps 
intu as many species as there are alkalies, and to consi- 
der those soaps which have the same alkaline base, but 
differ in their oil, as varieties of the same species. 


Sp. 1. Soap of Soda, or Hard Soap. 


THE word soap (sapo, spin ) first occurs in the works 
of Pliny and Galen, and is evidently derived from the 
old German word sepe*. Pliny informs us that soap 
was, first discovered by the Gauls ; that it was compo- 
sed of tallow and ashes ; and that the German soap 
was reckoned the best+. | 


50ap may be prepared by the following process: A 


quantity ot the soda of commerce is. pounded and mix- 
ed in a wooden vessel, with about. a; fifth part of its 
weight of lime, which has been slacked and passed 
through a sieve immediately before... Upon this mix. 
ture a quantity of water is poured, considerably more 


_ than what is sufficient to cover it, and allowed to re- 
main on it for several hours. The lime attracts the_ 


carbonic acid from the soda, and the water becomes 
strongly impregnated with the pure alkali. This wa- 
ter is then drawn off by means of a stop-cock, and call. 
ed the frst /ey. _ Its specific gravity should be about 
1,200. 


Another quantity of water 1s then. to be poured up-— 


on the soda, which, after standing two or three hours, 

is also to be drawn off by means of the stop-cock, and 

called the second ley. | 
[Ss 


* Beckman-s History of Inventions, iii, 239.—A similar word is still used. 
by the commpn people of Scotland. 
} Pliny, lib, xviii. ¢. 51. 


SOAPS. 


Another portion of water is poured on; and after 
standing a sufficient time, is drawn off like the other 
_ two, and called the third ley. 

Another portion of water may still be poured on, in 
order to be certain that the whole of the soda is dissol- 
ved ; and this weak ley may be put aside, and employ- 
ed afterwards in forming the first ley in subsequent o- 
perations. 

A quantity of oil, equal to six times the weight of 
the soda used, is then to be put into the boiler, together 
with a portion of the third or weakest ley, and the mix- 
ture must be kept boiling and agitated constantly by 
means of a wooden instrument. The whole of the third 
ley is to be added at intervals to the mixture; and after 
it is consumed, the second Jey must be added in the 
same manner, The oil becomes milky, combines with 
the alkali, arid after some hours it begins to acquire 
consistence. A little of the first ley is then to be added, 
not forgetting to agitate the mixture constantly. Por- 
tions of the first ley are to be added at intervals; the 
soapy substance acquires gradually greater consistency, 
and at last it begins to separate from the watery part 
of the mixture. A quantity of common salt is then to 
be added, which renders the separation much mote coni- 
plete. The boiling is to be continued still for two 
hours, and then the fire must be withdrawn, and the li- 
quor must be no longer agitated. After some hours 
repose the soap separates completely from the watery 
- part, and swims upon the surface of the liquor. The 
watery part is then to be drawn off; and as it contains 
a quantity of carbonat of soda, it ought to be reserved 
for future use. ; 

The fire is then to be kindled again ; and, in order 
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to facilitate the melting of the soap, a little water, of 
rather weak ley, is to be added to it. As soon as it 
boils, the remainder of the first ley is to be added to it 
at intervals. When the soap has been brought to the 
proper consistence, which is judged of by taking out 
small portions of it and allowing it to cool, it is to be 
withdrawn from the fire, and the watery part separated 
from it as before. It is then to be heated again, and a 
little water mixed with it, that it may form a proper 
paste. After this let it be poured into the vessels proper 
for cooling it; in the bottom of which there ought to 
be a little chalk in powder, to prevent the soap from 


adhering. In a few days the soap will have acquired 


sufficient consistence to be taken out, and mare into 
proper cakes * 

The use of he common salt in the above process is 
to separate the water from the soap; for common salt 
has a stronger affinity for water than soap has. 

Olive oil has been found to answer best for making 
soap, and next to it perhaps tallow may be placed: but 
a great variety of other oils may be employed for that 
purpose, as appears from the experiments of the French 
chemists above quoted. They found, however, that 
linseed oil and whale oil were not proper for making 
hard soaps, though they might be employed with ad- 
vantage in the manufacture of soft soaps. Whale oil has 
been long used by the Dutch for this last purpose. 

Soap may also be made without the assistance of 
heat ; but in that case a much longer time and a larger 
proportion of alkali is necessary. - 


* See the Memoir of Darcet, Lelievre, and Pelletier, in n the Agr. de 
Chim, xix. 253s 
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Manufacturers have contrived various methods of so- 


phisticating soap, or of adding ingredients which in- 


crease its weight- without increasing its value. The 


most common substance used for that purpose is water 5 
which may be added in considerable quantities, especial- 
ly to soap made with tallow (the ingredient used in this 
country), without diminishing its consistency. ‘This 
fraud may be easily detected, by allowing the soap to 
lie for some time exposed to the air. The water will 
evaporate from it, and its quantity will be discovered 
by the diminution of the weight of the soap. As soap 
sophisticated in this manner would lose its water by be- 
ing kept, manufacturers, in order to prevent that, keep 
their soap in saturated solutions of common salt; which 
do not dissolve the soap, and at the same time, by pre- 
‘venting all evaporation, preserve, or rather increase, the 
weight of the soap. Messrs Darcet, Lelievre, and Pel- 
letier, took two pieces equal-in weight of soap sophisti- 
cated in this manner, and placed the one in a dry place 
in the open air, and the other in a saturated solution of 


LIQ 
Chap. V. 


Sophistica- 
tion. 


‘common salt. After a month the first had lost 0.56 of © 


its weight, the other had gained about 0.10 parts *. 
Various other methods have been fallen upon to sophis- 
ticate soap; but .as they are not generally known, it 


would be doing an injury to the public to describe 


them here. 
Different chemists have analysed: soap, in order to as- 


certain the proportions of its ingredients; but the re- 
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sult of their experiments is various, because they used 


soap containing various quantities of water. From the 


experiments of Darcet, Lelievre, and Pelletier, it ap- 


* Ann. de Chim. xix. 330, 
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. 60.94 oil ‘ 
8.56 alkali 


30-50 water 


100.00 


. 


Soap is soluble both in water and in alcohol, Its 

properties as a detergent are too well known to require 
a any description. 
| Soap made with tallow and soda has a white colour, — 
and is therefore known by the name of white soap: 
but it is usual for soap-makers, in order to lower the 
price of the article, to mix a considerable portion of 
rosin with the tallow ; this mixture forms the common 
yellow soap of this country. 


Sp. 2, Soap of Potass or Soft Soap. 


Formation. © PotTass may be substituted for soda in making soap, 
and in that case precisely the same process is to be fol- 
lowed. It is remarkable, that when potass is used, the 
soap does not assume a solid form; its consistence is” 
never greater than that of hog’s lard. This is what in 
this country is called soft soap. Its properties as a de- 
tergent do not differ materially from those of hard soap, 
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but it is not nearly so convenient for use. ‘Lhe alkali 
employed by the ancient Gauls and Germans in the 
formation of soap was potass ; hence we see the reason 
that it is described by the Romans as an unguent. The 
oil .employed for making soft soap in this country is 
whale oil. A little tallow is also added, which, by pe- 
culiar management, is dispersed through the soap in 
fine white spots. | 

Some persons hays afirmed that they knew a mes 
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thod of making hard soap with potass. Their method 
~ is this: After forming the soap in the manner above de- 


scribed, they add to it a large quantity of common salt, — 


boil it for some time, and the soap becomes solid when 
cooled in the usual way. That this method may be 
practised with-success has been ascertained by Messrs 
Darcet, Lelievre, and Pelletier ; but then the hard soap 
_ thus formed does not contain potass but soda; for when 
the common salt (muriat of soda) is added, the potass 
of the soap decomposes it, and combines with its muri- 
atic acid, while at the same time the soda of the salt 
_ combines with the oil, and forms hard soap: and the 
- muriat of potass formed by this double decomposition is 
dissolved in water, and drawn off along with it *. 

‘Chaptal has lately proposed to substitute wool in 
place of oil in the making of soap. he ley is formed 
in the usual manner, and made boiling hot, and shreds 
of woollen cloth of any kind are gradually thrown into 
it; they are soon dissolved. New portions are to bg 
added sparingly, and the mixture is to be constantly 
agitated. When no more cloth can be dissolved, the 
soap is made +. ‘This soap is said to have been tried with 
success. It might doubtless be substituted for soap with 
» advantage in several manufactures, provided it can be 
obtained at a cheaper rate than the soaps at present 
employed. — é 3 

Some time ago a proposal was made to substitute the 

muscles of fish instead of tallow or oil in the manufac- 
ture of soap; but the experiments of Mr Jamieson have 
_ demonstrated that they do not answer the purpose t. 


— 


% Ann. de Chim. xix. 322. } Ibid. xxi. 27. 
} Nicholson’s Fournal, iii, 113. 
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Sp. 3. Soap of Ammonia. 


Tuts soap was first particularly attended to by Mr 
Berthollet. It nmray be formed by pouring carbonat of _ 
ammonia on soap of lime. A double. decomposition 
takes place, and the soap of ammonia swims upon the 
surface of the liquor in the form of an oil; or it may 
be formed with still greater ease by pouring a solution 
of muriat of ammonia into common soap dissolved in 
water. a oy 

It has a more pungent taste than common ‘soap. 
Water dissolves a very small quantity of it; but it is 
easily dissolved in alcohol. When exposed to the air, 
it is gradually decomposed. ‘The substance called vola- 
tile liniment, which is employed as an external applica-: 
tion in rheumatisms, colds, &c. may be considered as 
scarcely any thing else than this soap. : 

All the alkaline soaps agree in the properties of solu« 
bility in water and alcohol, and in being powerful des 
tergents. 


SECT. II. : 


OF EARTHY SOAPS, 


Tue earthy soaps differ essentially from the alkaline 
in their properties. They are insoluble in water, and — 
incapable of being employed as detergents. They may 

be formed very readily by mixing common soap with a 
solution of an earthy salt; the alkali of the soap com- 
bines with the acid of the salt, while the earth and oil 


SOAPS, — 


“unite together and form an earthy soap. Hence the 
reason that all waters holding an earthy salt.are unfit 


for washing. They decompose common soap, and form 


an earthy soap insoluble in water. These waters are 
well known by the name of bard waters. Hitherto the 
earthy soaps have been examined by Mr Berthollet 
only. 
; Sp. 1. Soap of Lime. 


Tuts soap may be formed by pouring lime-water in- 
to a solution of common soap. It is insoluble both in 
water and alcohol. Carbonat of fixed alkali decompo- 

ses it by compound affinity *. It melts with difficulty, 
and requires a strong heat. 

Soap of barytes and of strontian resemble almost ex- 

actly the soap of lime. - 
| Sp. 2.. Soap of Magnesia, 
Tuts soap may be formed by mixing together solu- 
tions of common soap and sulphat pf magnesia. It is 
exceedingly white. It is unctuous, dries with difficul- 
ty, and preserves its whiteness after desiccation. It is 
insoluble in boiling water. Alcohol and fixed oil dis- 
solve it in considerable quantity. Water renders its so- 
lution in alcohol milky. A moderate heat melts it ; 

a transparent mass is formed, slightly yellow, and very 
brittle *. 


ap» 3, Soap of Alumina. 


Tuts soap may be formed by mixing together solu- 


* Thouvenel. 
sf Berthollet, Mem. Par. 1780, or Nicholson’s Fouraal, i. 170, 
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tioris of alum and of common soap. It is a flexible soft — 
substance, which retains its suppleness and tenacity © 
when dry. It is insoluble in alcohol, water, and oil. | 


Heat easily melts it, and reduces it to a beautiful trans- 
parent yellowish mass *. 


SEC TAGT. 


OF METALLIC SOAPS AND PLASTERS. 


Mervarric oxrps are capable of combining with oils 
by two different processes: 1. By mixing together a s0- 
lution of common soap with a metallic salt. 2. By uni- 
ting the metallic oxide with the oil directly either cold 
or by the assistance of heat. The first of these combi- 
nations is called a metallic soap; the second, a plaster. 
Let us consider each of these in their order, 


I. Metallic Soaps. 


 ‘Tuesz soaps have been examined by Mr Berthollet ; 


who has proposed some of them as paints, and others as 


varnishes; but it does not appear that any of them has © 


been hitherto applied to these purposes. 

1. Soap of mercury may be formed by mixing toge- 
ther a solution of common soap and of corrosive mu- 
riat of mercury. The liquor becomes milky, and the 
soap of mercury is gradually precipitated. This soap 


is viscid, not easily dried, loses its white colour when » 


5 * . e 
exposed to the air, and acquires a slate colour, which — 


* Berthollet, AZem. Par. 1780, or Ncholson’s Fournal, 1. 170 
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gradually becomes deeper, especially if exposed to the 
sun or to heat. It dissolves very well in oil, but spa- 
ringly in alcohol. It readily becomes soft and fluid 
when heated *. 

2. Soap of zine may be formed by mixing together a 
solution of sulphat of zine and of soap. It is of a white 
colour, inclining to yellow. It dries speedily, and be-' 
comes friable +. 
3. Soap of cobalt, made by mixing nitrat of cobalt 
~and common soap, is of a dull leaden colour, and dries 
with difficulty, though its parts are not connected. 
Mr Berthollet observed, that towards the end of the 

precipitation there fell down some green coagula, much 
"more consistent than soap of cobalt. These he suppo- 
_ sed to be a soap of nickel, which is ania mixed with 
cobalt f. 
4. Soap of tin may be formed by mixing common 
soap with a solution of tin in nitro-muriatic acid. It is 
white. Heat does not fuse it like other metallic soaps, 
but decomposes it {. , 

5- Soap of iron may be formed by means of sulphat 
of iron. Itis of a reddish brown colour, tenacious, 
and easily fusible. When spread upon wood, it sinks 
in and dries. It is easily soluble in oil, especially of 
turpentine. Berthollet proposes it as a varnish|]. 

6. Soap of copper may be formed by means of sul- 
phat of copper. It is of a green colour, has the feel of 
aresin, and becomes dry and brittle. Hot alcohol ren- 
ders its colour deeper, but scarcely dissolves it.’ Ether 
-dlissolves it, liquefies it, and renders its colour deeper and 


* Berthollet, Mem. Par. 1780, or Nicholson’s Fournal, i. 170, 
+ Thid. t Ibid. 1, § Ibid } Tbid, 
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more beautiful. It is very soluble in oils, and gives” 


them a pleasant green colour *. 


4° Soap of lead may be formed by means of acetite 


: 


of lead. It is white, tenacious, and very adhesive aia’ . 


heated. When’ fused it is transparent; and becomes — 


somewhat yellow if the heat be increased +. 
8. Soap of silver may be formed by means of mitrat 


- of silver. It is at first white, but becomes reddish by 


Properties. 


exposure to the air. When fused, its surface becomes 


, 


covered with a very brilliant iris; beneath the surface 


it is black. 
g. Soap of gold may be formed by. means of muriat 


of gold. itis at first white, and of the consistence of 


cream. It gradually assumes a dirty purple colour, and 


adheres to the skin so that it is difficult to efface the ims _ 


pression §. 


10. Soup of manganese wiay be formed by means of 


sulphat of manganese. It is at first white, but it as-_ 


sumes in the air a reddish colour, owing evidently to i 


the absorption of oxygen. It speedily dries to a hard 


brittle substance, and by liquefaction assumes a brown ~ 
blackish colour ||. 


II. ° Plasters. 


PLASTERS are combinations of oils and metallic ox- 


ides destined to be spread upon leather or cloth, and in” 


that state to be applied as a covering of ulcers, &c. 


They ought to be solid bodies, not so hard as to refuse to 


spread easily and equally, nor so soft as to run into oil 
when heated by the skin. They ought to admit of be-— 


* Berthollet, Mem. Par. 3780, ot Nicholson’s Fournal, i. 170. 
+ Ibid. © t Ibid. § Ibid, || Ibid, 


. a ing easily kneaded when heated with the hand, toadhere Chap. V 
_ firmly to the skin, but to be capable of being removed 
without leaving behind them any stain. Without these 


| SOAPS 


properties they do not answer the purpose for which 


they are destined, which is chiefly adhesion. 


The only chemist who has hitherto examined plas- 
ters with attention is Deyeux, to whom we are indebt- 


‘ed for some excellent observations on the method of 


preparing them *. 
The oxides hitherto employed for making plasters 


are those of lead; and /itharge is usually considered as 


the best adapted for that purpose of any of these oxides. 


_ But the oxides of several of the other metals, as bis- 


- muth and mercury, are also capable of forming plasters, 


and might perhaps in some cases be employed with ad- 
vantage. Some metallic oxides, however, as those of 
iron, are not susceptible of that kind of combination 
with oils which constitutes plasters |. 

All the fixed oils are capable of forming plasters ; 
but they do not all form plasters with the same proper- 
ties. The drying oils, linseed oil for instance, form 


plasters of a much softer consistency than the fat oils; 


but these last acquire the same properties as the drying 
oils if they be combined with mucilage. Thus olive 
oil, boiled for some time with linseed or fenugrec, forms 


with litharge plasters as soft as those composed of ‘lin- 


seed oil and litharge. According to Deyeux, olive oil 
answers better for plasters than any other. 

There are three different ways of forming plasters. 
The first consists in simply mixing together oil and li- 
tharge in proper proportions, and allowing the mixture 


# Ann, de Chins XxxXiii. 50. + Deyeux, Ibid. 
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to remain a considerable time in the common tempera- 
ture of the atmospliere, agitating it occasionally. The 
oxide gradually loses its colour and combines with the 


oil, and the mixture acquires consistence. This process 


is tedious, and does not. furnish plasters sufficiently so- 
lid to answer the pu rposes for which they are intended. 
It i is not therefore employed. 

The second method consists in throwing the oxide 
into the oil while boiling. Plasters formed by this pro- 
cess have always a deep colour anda peculiar odour, 
occasioned by the decomposition of a portion of the oil. 


When this process is followed, it is necessary that the 


oxide should be in the state of a fine powder 3 and that 
by agitation it should be made to combine with the oil 
as fast as possible, otherwise the metal will be revived 
altogether, in consequence of the strong tendency which 
cil has to combine with oxygen when raised to a high 


temperature. 


The third method is most frequently siedceibedt be- | 


cause it is not liable to the same inconveniences as the 
other two. This method consists in boiling the oil and 


the oxide together in a sufficient quantity of water. By 


this liquid the heat is moderated at first till the oil and 
oxide combine, which prevents the revival of the me- 
tal; and afterwards, when the water is dissipated, the 
temperature is sufficiently high to give the plaster the 
requisite consistency. 

Plasters, when long kept, become often too hard to 


be fit for use, especially if the requisite proportion of 


oil has not been employed at first. This defect is ea- 
sily remedied, by melting them with a small portion of 


new oil. Plasters, when long kept, likewise change 


their colour, and most of their sensible properties ; 


i 
f 


‘owing either to the absorption of oxygen, or to some 


change produced in their component parts by the action 


of the air. 


CHAP. VI. 


REMARKS ON THE SECONDARY COMPOUNDS, 


Tar secondary compounds are incomparably more nu- 


‘merous than the primary ; because they approach much 


‘nearer the actual component parts of the mineral, ve- 
| getable, and animal kingdoms. Indeed a very consider- 
able proportion of them exist native, especially in the 
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“mineral kingdom ; and that number will no doubt in-_ 


crease as the science of chemistry extends its bounds. 
Few of the secondary compounds have that activity, 
that violent action, upon other bodies, which distin- 


guish the primary compounds. In this respect they 
bear a strong resemblance to the simple substances. 
_ Sulphur, for instance, is a body which has scarcely any 


taste, and which acts but feebly upon animals, and not 


at all perceptibly upon vegetables and minerals; and oxy- 


“gen, though it undoubtedly merits the appellation of an 
active body, shews neither in its taste nor in its action 


on animals and vegetables any thing which deserves the 


_-name of acrid or caustic; but sulphuric acid, though 
_ composed of these two inoffensive bodies, is one of the 


“most active and corrosive substances known, and burns 
and decomposes almost all the animal and vegetable 
Ms 


Nat 
wig 


Vor. I]. I 


Secondary 
compounds 
resemble 
simple bo- 
dies. 


(130 


Book Il. 
Division 1], 


esse ened 


None of 
them gasc- 
ous 


Or combus- 
tible. 


REMARKS ON TRE 


bodies which are exposed to itsinfluence. Potass is, ft 4 
possible, still more corrosive ; ; even the hardest mine- 
ral is unable to resist its action. But sulphat of potass, 
though composed of these two formidable bodies, is not — 
more active than sulphur itself.” This singular corre- { 
spondence between simple substances and secondary q 
compounds, and the striking contrast between them i 
and the primary compounds, deserve attention. _ It de- 
monstrates to us, that the activity of bodies is ‘not pro- 4 
portional to their simplicity, as has been hitherto sup- 
posed; and that there is some other cause besides com- 
bination with other bodies to blunt their energy. 

Several of the simple bodies exist commonly in the | 
'gtate of gas: this is the case also with the ‘primary . 
compounds ; but no gaseous body is found among the 
secondary compounds, and only a comparatively small _ 
number of liquid bodies. Almost all of them are so- © 
lid, and probably every one of ‘them is susceptible of 
assuming that form. _ Hence we: see that gascous bo- 
dies have all of them a considerable degree of simplici- 4 
ty ; none of them, as far as is known, containing more 
than two component parts, if we omit the consideration 
of caloric and light altogether ; or three worhpanent 
parts, if we include these bodies. . 

None of the secondary compounds are, properly 
speaking, combustible. The soaps, indeed, and the ve- 4 
getable-acid salts, are susceptible of undergoing a kind — 
of combustion, but not till they have been previously — 
decomposed by heat; and even then their combustion is — 
not to be compared to that of some of the simple sub- . 
stances and primary compounds. | ‘l'wo genera of salts, 
namely, the nitrats and oxy-muriats, are supporters of — 
combustion in a remarkable degree, occasioning violent a 
detonations when triturated or heated along with com= ” 


SECONDARY COMPOUNDS. 
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susceptible of supporting combustion as well as these 
genera, though hitherto the experiment has not been 
. tried except upon a small number. 

The secondary compounds have been investigated 
with more precision than any other class of bodies be- 
es longing to chemistry ; and their formation and decom- 
position are more completely in the power of the che- 
mnigtithe gteater ntimber of them may be formed 


ponent parts of several of them. Accordingly it is from 


them that almost all our notions of the nature of affinity 
A have been derived. It is to them that we have always 
 -recotirse to illustrate these notions, or to put them to 
the test of experiment.’ What have been called tables 
of affinity, are nothing else than lists: of the substances 
_ by which certain secondary compounds may be decom- 
posed; or of the precipitations which take place when 

different secondary compounds are mixéd together. It 
_ was necessary therefore to be acquainted with these bo- 

dies, and to know the mutual changes which they are 
_ eapable of producing on each other; the decompositions 
. of which they are susceptible, and the proportions of 
4 their component parts, before entering upon the consi+ 


deration of affinity; which may be considered as consti- 
tuting in reality the whole of the scientific part of che- 


ciples to which the immense mass of facts enumerated 
in the two preceding Books may be referred, and under 
which they may be arfanged. We are now therefore 
"prepared for entering upon this important subject, which 
_ will employ the whole of the succeeding Book, 

Be | 12 


~~ bustibles. Many of the mictallie salts are doubtless - 


and decomposed at pleasure ; and approaches have been) 
made towards ascertaining the proportions of the come | 


. mistry, and as comprehending under it the general prin- 
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Ly the two preceding Books the different substances 
“which occupy the attention of the chemists have been 
enumerated, their properties have been described, and 
the changes which they produce on each other have been 
fully detailed. We are thus in possession of the im- 
mense body of facts of which the science of chemistry 
is composed ; they have been arranged in that order 
which seemed. most proper for shewing their mutual 
dependence on each other; and referred to a small num- 
ber of general heads, that they might be remembered 
with facility or consulted without difficulty, It were 
to be wished that chemical phenomena could be referred 
to a few general laws, and shewn to be the necessary res 


sults of these laws. It were to be wished that we knew 
the nature of these laws so precisely, as to be able to ‘ 


foretel beforehand the changes which result from the 


mutual action of bodies in every particular circums | 


stance. This would save us the trouble of learning in 


detail an immense number of insulated facts which at 
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_ present are necessary for the practice of chemistry ; it Book UL 
would enable us to apply the science with more effect re; 
_ to the arts and manufactures; it would enable us to 
trace the chemical changes which are going on. in the 

_ atmosphere and the earth to their origin, and to fore- 
see the future changes to which they are liable; and 
thus to form what has hitherto been attempted in vain, 
a complete theory of meteorology and geology. 
Unfortunately the efforts of philosophers to establish’ hay 
_ these general principles have not hitherto been attend- known. 
ed with complete success ; partly owing to the difficul- 
- ty of the subject, and partly to the unaccountable ne- 
gligence of the greater number of chemists who have 
been more anxious to ascertain particulat facts than to 
investigate general principles, and who have oftenseem- 9 

_ ed to look upon general principles as altogether foreign® 

to their science. Happily this has not been the case 
- with all chemists. Several, and these the most illus- 

trious, have carefully classified the phenoniena, and re- 
ferred them under general heads ; and if they have not 
succeeded in discovering laws sufficiently comprehen- 


sive to include all the chemical phenomena, have at 
least pointed out several pretty general ones, from the 
knowledge of which the mutual action of many bodies 
on each other may, in not a few cases, be foreseen, even 
_ prior to experiment. Among these philosophers, none 
‘stands higher than Bergman, who was not less distin. . 
‘ guished by his industry and enthusiasm, than by his 
' enlarged views and the happy acuteness with which he 
_ drew general conclusions. To Black and Lavoisier we 
are indebted for two of the most general and most im- 
portant laws hitherto discovered in chemistry. Much 
| has been done by Kii wan, whose profound knowledge, 
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fortunately for the science, almost constantly leads him “- 
to general views. Morveau has been no less distin % 
guished i in this Important career; with a mind capable | 
of the most comprehensive range, and the most pro _ 


found views, he has classified the most difficult pheno- 
mena, and thrown light upon the abstrusest part of the 


‘science. And Berthollet has lately reviewed the gene-_ 


ral doctrines of chemistry with his usual sagacity ; and 
has not only corrected various errors which had passed 


current without detection, but has pointed out several 


new laws of very great importance, 


The general principles of chemistry shall. fucee the 


subject of this Third’ Book, which will be divided into 
four Chapters. In the first Chapter we shall consider 


the nature of AFFiNI'Y in general ; in the second, we | 


#:"eball examine the eflinity which HOMOGENEOUS. ‘bodies 


exert on each other ; in the third, the affinity exerted 
‘by HETEROGENEOUS bodies; and in the fourth, the na- 
ture of REPULSION, which often acts as an. antagonist to 


affinity. 


AFEINITY. 


CHAP. I. . 


! 


if ow —OF AFFINITY IN GENERAL. 


Uy Be At the great bodies which constitute the solar 
system are urged towards each jother by a force which 
, pneretss them in their orbits and regulates their mo- 
tions. This force has received the name of attraction. 
oe nature is unknown: whether it be inherent 1 in these 
“bodies themselves, or the consequence of some foreign 


a agent, are questions altogether beyond the reach. Pi 
* philosophy, because we have no method of deciding 
_ the point. One would be more inclined to the first. 


_ gupposition than to the. other, as we can conceive no 
:: foreign agent sufficient to explain the planetary motions 
HERE an intelligent ONE 3 and for any thing which, v we 


De to have bestowed on the planets the power acting on 
| each other at a distance, as the power of being acted on 
~~ receiving motion from other substances. 


a which a heavy body is urged towards the earth; that itis 
ossessed, not only by the planets as wholes, but by all 


extends to indefinite distances ; and that all bodies, as 
4 ar as is known, are possessed of it. : 

a3 When two bodies are brought within a certain 
‘ i 4 x ' 


} . Sir Isaac Newton demonstrated, that this planetary 
"attraction is the same with gravitation, or that force. by 


heir component parts also; that it is mutual; that it 


~ 
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Universal. 
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distance, they adhere together, and require a consider. 


able force to separate them. ‘This is the case, for in- 
stance, with two polished pieces of marble or glass. 
When a piece of metal, or indeed almost any body 
whatever, is plunged into water and drawn out again, 
its surface is moistened, that is to say, part of the water 
adheres to it, When a rod of gold is plunged into 


oa 


mercury, it comes out stained indelibly of a white — 


colour, because it retains and carries with it a portion 
of the mercury. Hence it is evident that there is a: 
force which urges these bodies towards each other and 


keeps them together; consequently there is an attrace ~ 
tion between them. Bodies, therefore, are not only at. 


tracted towards the earth and the planetary bodies, but 
towards each other. The nature of this attraction can- 
not be assigned any more than that of gravitation ; but 


its existence is equally certain, as far at least as regards 3 
_ by far the greater number of bodies. 


4. In all cases we find the particles of matter united — 


together in masses, differing indeed from each other in. 


magnitude, but containing all of them a great number 


of particles. ‘hese particles remain united, and cannot — 


be separated without the application of a considerable 
force ; consequently they are kept together by a force 
which urges them towards each other, since it opposes 


their separation. Consequently this force is an attrace > 


tion. 


4 


Thus we see that there is a certain unknown force — 


which urges bodics towards each other; a force which — 
acts not only upon large masses of matter as the sun ~ 
and the planets, but upon the smaller component parts, 


of these bodies, and even upon the particles of which — 
these bodies are composed. Attraction, therefore, as 
far as we know, extends to all matter, and exists mus 
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tually between all matter. It is not annihilated at how Chap. L 
great a distance soever we may suppose bodies to be 
placed from each other, neither does it disappear, 
though they be placed ever so near each other. The ~ 
nature of this attraction, or the cause which produces 
it, is altogether unknown, but its existence is demon- 
strated by all the phenomena of nature. 
er FHM This attraction was long accounted for, by sup- Ascribed te 
| ‘ i impulsion, 
posing that there existed a certain unknown substance =~ : 
~ which impelled all bodies towards each other; a hy- 
_ pothesis to which philosophers had recourse, from an 
opinion long admitted as a first principle, *¢ that no 
, body can act where it is not;” as if it were more dif- 
| - ficult to conceive why a change is produced in'a body 
mo. By another which is placed at a great distance, than 
_. why it is produced by one which is situated at a smalh 
: distance. It is not only impossible to explain the phe- Ney bib 
* nomena of attraction by impulsion, but it is as difficult 

to conceive how bodies should be urged towards each 

other by the action of an external substance, as how 

they should be urged towards each other by a power 


inherent in themselves. The fact is, that we can neither 


in ah 


comprehend the one nor the other; nor can any reason 
: be assigned why the Almighty might not as easily be- 


% stow upon matter the power of acting upon matter at a 
distance, as the power of being acted upon and changed 
a by matter in actual contact. 

_ \ But farther, we have no reason for supposing that 
: _ podies are ever in any case actually in contact. © For all 
bodies are diminished in bulk by cold, that is to say, 
i their particles are brought nearer each other, which 
; would. be impossible, unless they had been at some 


distance before the application of the cold. Almost all 
bodies are diminished. in bulk by pressure, and conses 
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meet II. quently their particles are brought nearer each other 3. 
and the diminution of bulk is always proportional to 
the pressure. Newton has shown that it required a 
force of many pounds to bring two glasses within the 
8ooth part of an inch of each other; that a much greater 
Was necessary to diminish that distance; and that no pres- 
sure. whatever was capable of diminishing it beyond a 
certain point. Consequently there is a force which op- 
poses the actual contact of bodies; a force which increas 
ses inversely as some power or function of the distance, 
and which no power whatever is capable of overcoming. 
Boscovich has demonstrated, that a body in motion 
communicates part of its motion to another body before 
it actually reaches it. Hence we may conclude that, as 
far as we know, there is no such thing as actual con- 
tact in nature, and that bodies of course. always act 
upon each other at a distance. Even impulsion, there- 
fore, or pressure, is an instance of bodies acting on each 
_other at a distance, and therefore is no bettér explanae 
tion of attraction than the supposition that it is an in- 
herent power. We must therefore be satisfied with 
considering attraction as an unknown power, by which 
all bodies are urged towards each other. It is a power 
which acts constantly and uniformly in all times and 
places, and which is always diminishing the distance 
between bodies, unless,when they are prevented from 
approaching each other by some’ other force equally 


aa a 


| powerful. 
Of two 6. The change which attraction produces on bodies 
is a diminution of their distance. Now the distances of | 
bodies from each other aré of two kinds, either too : 
small to be perceived by our senses, or great enough to 
be easily perceived and estimated.’ In the first. case, 
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ja insénsible, in the second case it must be visible. Eience 
the attractions of bodies, as far as regards us, naturally 
divide themselves into two classes. 1. Those which 
. act at sensible distances. 2. Those which act at insen- 
sible distatices. ‘The first class obviously applies to 
bodies in masses of sensible magnitude; the second class 
must be confined to the particles of bodies, because 
they alone are at insensible distances from each other. 
i It has been demonstrated, that the intensity of the 
first class of attractions varies with the mass and the 
distance of the attracting bodies. It increases with the 
mass of these bodies, but diminishes as the distance 
between them increases. Hence we see that in this 
“class of attractions every particle. of the attracting bo-. 


‘dies acts, since the sum of the attracting force is al-. 


ways Proportional to the number of particles in the ate 


tracting bodies. Why it diminishes as the distance ins 


creases, it is impossible to say ; but the fact is certain, 
and is almost incompatible with the supposition of im- 


pulsion as the.cause of attraction. The rate of varia.-. 


tion has been demonstrated to. be inversely as the square 
of the distance in all cases of attraction belongi: ng to 
the first class. _ 3 . 

8. The attractions belonging to the first class must 
be as numerous as there are bodies situated at sensible 
distances ; but it has been ascertained that they may be 


a ee ee Rae 


all reduced to three different kinds ; namely, 1. Gravi- 
tation; 2.:Electricity ; 3. Magnetism. | The first of 


ter as far as we have an opportunity of examining, and 
therefore to be universal. ‘The other two are partial, 
being confined to certain sets of bodies, while the rest 


f, the change of distance producee by attraction must be 
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of matter is destitute 6f them; for it is well known _ 
that all bodies are not electric, and that scarcely any 
bodies are magnetic, except iron, cobalt, nickel, and per= 
haps manganese. . 

The intensity of these three attractions increases as 
the mass of the attracting bodies, and diminishes as the 
square of the distance increases. The first extends to 
the greatest distance at which bodies are known to be 
separated from each other. How far electricity ex- 
tends has not been ascertained; but magnetism extends 
at least as far as the semidiameter of the earth. All 
bodies possess gravity ; but it has been supposed that 
the other two attractions are confined to two or three 
subtile fluids, which constitute a part of all those bo- 
dies which exhibit the attractions of electricity or mag- 
netism. This may be so; Pat it has not and scarcely 
can be demonstrated. . . 

g. The absolute force of these attractions in given 


- badies can only be measured by the force necessary to 
counteract the effect of these attractions, or by the 


space which given bodies, acted on merely by these at- 
tractions, traverse in a given time. If we compare the 
different bodies acted on by gravitation, we shall find — 
that the absolute force of their gravitation towards each 
other is in all cases the same, provided their distances 
from each other and their mass be the same; but this 
is by no meats the case with electrical and magnetic 


bodies. In them the forces by which they are attract. : 


ed towards each other, called electricity and magnetism, 
are exceedingly various, even when the mass and the 
distance are the same. Sometimes these forces disap- 
pear almost entirely ; at other times they are exceed 
ingly intense. Gravity therefore is a force inherent in 
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; bodies ; ; electricity and magnetism not so; a circums 


stance which renders the opinion of their depending 
upon peculiar fluids exceedingly probable. If we com- 
pare the absolute force of these three powers with each 


other, it would appear that the intensity of the two last, 


every thing elsé being equal, is greater than that of 
the first ; but their relative intensity cannot be compas 
red, and is therefore unknown. Hence it follows that 
these different attractions, though they follow the same 
laws of variation, are not the same in kind. 

1o. The attractions between bodies at insensible di= 
stances, and which of course are confined to the parti- 
cles of matter, have been distinguished by the name of 
affiaity, while the term attraction has been more com- 
monly confined to cases of sensible distance. Now the 
particles: of matter are of two kinds, either homogeneous 
or beterogencous. By homogeneous particles, I mean 
patticles which compose the same body ; thus all par~ 
ticles of iron are homogeneous. By heterogeneous par- 
ticles are meant those which compose different bodies 5 
thus a particle of iron and a particle of lead are hetero- 
geneous. 

Homogeneous affinity urges the homogeneous partis 
cles towards each other, and keeps them at insensible 


distances. from each other; and consequently is the 
cause why bodies almost always exist united together, 


‘so as to constitute masses of sensible magnitude. This 
affinity is usually denoted by the term cohesion, and 
sometimes by adhesion when the surfaces of bodies are 
only referred to. Homogeneous affinity is nearly uni- 


versal; as far as is known, caloric and light only are de- 


a; 


stitute of it. : 
Heterogeneous affinity urges heterogeneous particles 
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no body whose particles are not attracted by the parti- 


has been observed long ago in particular instances, and 


AFFINITY. 


towards each other, and keeps them at insensible dis 
stances from each other, and of course is the cause of 
the formation of néw integrant particles composed of a 
certain number of heterogeneous particles. These new 
integrant particles afterwards unite by cohesion, and 
form masses of compound bodies. “Thus an integrant 
particle of water is composed of particles of hydrogen 
and oxygen, urged towards each other, and kept at an 
insensible distance by héterogencous affinity ; and a | 
mass of water is composed of an indefinite number of 
integrant particles of that fluid, urged towards ‘each 
other by homogeneous affinity. Heterogeneous affinity 
is universal, as far asis known; that is to say, thereis 


cles of some other body ; but whether the particles of 
ali bodies have an affinity for the particles of all other 
bodies, is a point which we have no means of ascertaina 
ing. It is; however, exceedingly probable, and’ has 
been generally taken. for granted; though it is cers 
tainly assuming more than even analogy can-warrant.)_ 

11. Affinity, like sensible attraction, varies with the 
mass and the distance of the attracting bodies, That 
cohesion varies with the mass, cannot indeed be ascer- 
tained ; because: we shave no method of varying the 
mass without at the same time altering the distance. 
But in cases of the adhesion of the surfaces of homoz 
geneous bodies, which is undoubtedly an instance of ho- 
mogeneous affimity, it has been demonstrated, that the. 
force of adhesion increases with the surface, that isto 
say, with the mass; for the number ofadhering partie 
cles must increase with the surfaee. 

That heterogeneous affinity increases with the mass, 
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has én lately demonstrated by Berthollet to hold in 


every case; thus a given portion of water is retained 


-tnore obstinately by a large quantity of sulphuric acid 


than by a small quantity. Oxygen is more easily ab- 
stracted from those oxides which are oxidated to a mas 
ximum, than-from those which are oxidated to a mini- 
mum ; that is to say, that a large mass of metal retains 


a given quantity of oxygen more violently than a small 


mass. Lime deprives potass of only a portion of its car- 
bonic acid, and sulphuric acid deprives phosphoric acid 
of only a portion of the lime with which it is united in 


_ phosphat of lime. In these, and many other instanees 


that might be enumerated, a small portion of one body 


ds retained by a given: quantity of another more strongly 


than a large quantity.’ And Berthollet has shewn, that in 


all cases a large quantity of body is capable of abstract- 


‘ing a portion of another from a small portion of a third; 
how weak’ soever the affinity between the first and se- 


‘cond of these bodies 1 is, and how strong soever the affi- 
_ nity between the second and the third. Thus when 


equal quantities of the following bodies were boiled 


together, « 
Sulphat of potass - € Oxalat of lime 
Potass " UPotass . 
Sulphat of potass Phosphat of lime 
Soda - °" UPotass 
( Sulphat of potass Carbonat of lime 
Lime " U Potass 


the uncombined base abstracted part of the acid from 
the base with which it was previously combined ; 


though in every one of these instances it was retained 


by that base by an affinity considered as stronger. The 
same division of the base took place when equal quan- 
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tities of oxalat of lime and nitric acid were’ boiled té= 


gether., « ‘ 
That the force of affinity increases as the distance di- 


minishes; and the contrary, is obvious; for it becomes 
insensibie whenever the distance is sensible, and on the 


other hand, becomes exceedingly great when the dis= _ 


tance is exceedingly diminished. But the particular 
rate which this variation follows is still unknown, as 
we havé no method of measuring either the distances at 
which it acts, or its relative intensity at these distances, 
Some have supposed that it follows a greater ratio than 


= ; ob ca tet Bit iwice jp ¥ 
77» and that it diminishes at least as rr if not at some 


greater rate, But their reasoning has depended alto- 


gether tipon the supposition that the particles of bodies 


united by affinity are in actual contact and loses its 


force, or at least a considerable part of it, if we sup- 
pose, what seems actually to be the case, that even 


_ then these particles are at a distance. Others have sups - 
posed. that the intensity of affinity varies inversely as . 


the square of the distance, resting chiefly upon the ana- 
logy of sensible attraction which follows that law. This 
is certainly a kind of presumption in favour of the opi- 
nion, and it must be allowed that no sufficient argu- 
ments have been advanced to prove that this law is in- 
compatible with the phenomena of affinity. But neither, 
on the other hand, have any thing like proofs been ad- 
vanced to show that affinity actually varies acdording 
to that law. Vhe truth is, that at present the subject i is 
beyond the reach of philosophy. We must therefore 
suspend our judgment altogether till future discoveries 
put it in our power to determine the point. 


12, Affinity then agrees with sensible attraction in 
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| 


“every point which it has been hitherto possible to de- 
termine. Like sensible attraction, it increases with the 


~ mass, and diminishes as the distance augments; conse- 


quently we must conclude that attraction, whether it 
be sensible or insensible, is in all cases the same kind of 
force, and regulated by precisely the same general laws. 

We have seen that sensible attraction, though in. all 
cases the same kind of force, is not always the very same 


force; for though the mass and the distance of two 


bodies be equal, the absolute force by which they are 
_ attracted towards each other by gravitation is not equal 
_to the force by which they are attracted towards each 


* 


e 


other by magnetism. The forces of sensible attraction 
are three in number, namely, gravitation, magnetism, 
and electricity; the first is always the same when the 
mass and distance are the same, but the two last vary even 
when the mass and distance continue unaltered. 

The forces of affinity, though also the same in kind, 
are still more numerous than those of sensible attrac- 


tion; for instead of three, they amount to as many as_ 


there are heterogeneous bodies. The rate, indeed, at 


which they vary when the distance of ‘the attracting 


bodies i increases or diminishes, is probably the same in 
all, and so is also their variation as far as it regards the 
mass. But even when both of these circumstances, as 
dar as we can estimate them, are the same, the affinity 
of two bodies for a third is not the same. Thus barytes 


has a stronger affinity for sulphuric acid than potass has: 


for if equal quantities of each be mixed with a small 


» portion of sulphuric acid, the barytes seizes a much 
_ greater proportion of the acid than the potass does. 
This difference in intensity extends to particles of all 
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AFFINITY. 


particles have precisely the same aflinity for a third, 
and scarcely any two bodies, the particles of cach of 
which cohere together with exactly the same force. 

It is this difference in intensity which constitutes the 
most important characteristic mark of affinity, and 
which explains the different decompositions and — 
which one body occasions in others. 

Thus it appears at first sight, that'there are as many 
different affinities as there are bodies; and that affinity, 
instead of being one force, like gravitation, which is 
always the same when the circumstances are the same, 
consists of a variety of different forces, regulated, in- 
deed, by the same kind of laws, but all of them diffe- 
rent from each other. These affinities do not vary like 


magnetism and electricity, though the mass continues 


the same, but are always of equal intensity when other 
circumstances are equal. Hence it is reasonable to 
conclude that these affinities cannot, like magnetism 
and electricity, depend upon peculiar fluids, the quan- 
tity of which may vary, but that they are permanent — 
forces, inherent in every atom of the attracting bodies. 
13. It is very possible that this variation of intensity, 
which forms so remarkable a distinction between afhinity 
and gravitation, may be only apparent and not real. 
For even in gravitation the intensity varies with the 
distance and the mass, and the same variation holds in ~ 
affinity. But as the attraction of affinity acts upon bodies 
situated at insensible distances from each other, it iS 
evident that, strictly speaking, we have no means of 
ascertaining that distance, and consequently that it may 
vary without our discovering the variation. But every 
such variation in distance must occasion a correspond- 
ing variation in the intensity of the attracting force. It 


\ 
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may be then that barytes attracts sulphuric acid with 


greater intensity than potass, because the particles of 


- barytes, when they act upon the acid, are at a smaller 


distance from it than the particles of the potass are. 
But it may be asked, Why, if barytes, potass, and 
sulphuric acid, are all mixed together in water, the par- 
ticles of potass do not approach as near the acid as 
those of the barytes, since they are both at liberty to 
act? To this it may be answered, That in all probability 
they do approach each of them to the same apparent 
distance (if the expression be allowable), but that, not- 


» withstanding, their real distance may continue different. 
Lhe particles of bodies, how minute soever we suppose: 


them to be, cannot be destitute of magnitude. They 
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must have a certain length, breadth, and thickness, and — 


therefore must always possess some particular figure or 


other. These particles, indeed, are a great deal too 
minute for us to detect their shape; but still it is ‘cer- 
tain that they must have some shape. Now it is very 
conceivable that the particles of every particular body 
may have a shape peculiar to themselves, and differing 
from the shape of the particles of every other body. 
Thus the particles of sulphuric acid: may have one 
shape, those of barytes another, and those of potass a 
third. 
But if the particles of bodies have length, breadth, 
and thickness, we cannot avoid conceiving them as 
composed of an indeterminate number of still more 
minute particles or atoms. Now the affinity of two 
integrant particles for each other must be the sum of 


the attractions of all the atoms in each of these particles 
for all the atoms in the other: But the sum of these 


attractions must depend upon the number of attracting 
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atoms, and upon the distance of these atoms from each 
other respectively 5 and this distance must depend upon 
the figure of the particles. For it is obvious, that if 
two particles, one of which is a tetrahedron and the 
other a cube, and which contain the same number of 
atoms, be placed at the same relative distance from a 
third particle, the sum of the distances of all the atoms 
of the first particle from all the atoms of the third par- 
ticle, will be less than the sum of the distances of all 
the atoms of the second particle from those of the 
third. Consequently, in this case, though the apparent 
distance of the particles be the same, their real distance» 
is different; and of course the cube will attract the 

third particle more strongly than the tetrahedron ; that 

is, it will have a greater aflinity for it than the tetra- 

hedron. | wef : 

But if the particles of bodies differ from each other 
in figure, they may differ also in density and in size; 
and this must also alter the absolute force of affinity, 
even when the distances and the figure of the attracting 
particles are the same. ‘The first of these two circum- 
stances indeed may be considered as a difference in-the | 
mass of the attracting bodies, and therefore may be de. 
tected by the weight of the aggregate; but the second, 
though also no less a variation in the mass, cannot be 
detected by any such method, though its effect upon 
the strength of affinity may be very considerable. 

There is no doubt that, upon the supposition that 
such differences in the figure, density, and size of the 
attracting particles, really exist, and it is in the high- 
est degree probable that they do exist, the variation in | 
intensity which characterises chemical affmity may be 
accounted for, without supposing that the intensity of 
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affinity as a force inherent in the ultimate particles or 
atoms of bodies is really different. The same thing 
may be applied to electricity and magnetism. It is cer- 


; tainly possible, therefore, that attraction, both sensible 


and insensible, may not only vary at the same rate, and 
according to the same laws, but be absolutely the same 
force inherent.in the atoms of matter, modified merely’ . 
by the number and situation of the attracting atoms. 
This is certainly possible ; and it must be allowed that 
it corresponds well with those notions of the simplicity 
of Nature in which we are accustomed to indulge our- 


selves. But the truch is, that we are by no means good 


judges of the simplicity of Nature; we have but an im- 
perfect glimpse here and there through the veil with 
which her operations are covered ; and from the few 
points which we see, we are constantly forming conjec- 
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tures concerning the whole of oh machinery by which * 


these operations are carried on. ” * Superior beings smile 
at our theories as we smile at the reasonings of an in- 
fant; and were the veil which conceals the machine 
from our view to be suddenly withdrawn, we ourselves, 


in all probability, would be equally astonished and con- 
founded at the wide difference between our theories and. 


conjecures, and the real powers by which the machine- 
ry of the universe is moved. Let us not therefore be 
too precipitate in drawing general conclusions ; but let 
us rather wait with patience till future discoveries en- 


able us to advance farther; and satis fy ourselves in the 


mean time with arranging those laws of affinity which 
have been ascertained, without deciding whether it be 
the same force with gravitation, or a different one. 
14. The characteristic marks of affinity may be re- 
duced to His three folicwing : 
R30 
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I. It acts only at insensible distances, and of course 
affects only the particles of bodies. 

Il. This force is always the same in the same parti- 
cles, but it is different in different particles. Ni . 

III. This difference is modified considerably by the 
mass. ‘Thus though A haye a greater affinity for C 
than B has, if the mass of B be considerably increased 
while that of A remains unchanged, B becomes capable 

of taking a part of C from A. 

But it will be necessary to consider the affinity of 
homogeneous and heterogeneous bodies more particu- 
larly. . This will be the subject of the two following 
Chapters. ) 
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OF HOMOGENEOUS AFFINITY. 
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W E never find the particles of bodies in a separate - 
_ State; they are either combined with the particles of » 


_ other bodies, or with ‘each other, forming masses of 
greater or smaller magnitude. "This last union is the 


* effect of homogencous affinity ; which has been already 


\ 


- 


defined to mean that force which unites homogeneous 
particles to each other. Now in homogeneous affinity 
there are two things which claim our attention: The 
first is the force itself by which the particles are kept 
‘united ; the second is the form which the’ particles 
thus united are known to assume. The force is distin- 
guished by the title of cohesion ; and the form of the 
mass, when regular, has received the name of crystal. 
These two topics shall form the subject of the two fol- 
lowing Sections, under the titles of Cobesion and Cry- 
stallization, 


152 


Book III. 


Cohesion 

varies in 

- different 
bodies. 


AFFINITY. 


SECT 
OF COHESION. 


"Tue force called cohesion is inherent in all the parti- 
cles of all bodies, if we except caloric and light: For all 
bodies except these constantly exist in masses compo- 


sed of an indefinite number of particles united together. . 


This. force possesses all the characters of affinity. 

1. It acts only at insensible distances ; for whenevet 
we remove the particles of a body to a perceptible di- 
stance from each other, they cease to cohere altoges 
ther. 

2, Cohesion is exceedingly various in different bo- 
dies ; ; though in the same body, if other things be equal, 
it is always the same. Thus an iron rod is composed 
of particles of iron cohering so strongly, that it requires 
an enormous force to separate them. Avsmaller force 
is necessaty to overcome the cohesion of lead, and a still 
smaller to separate the particles of chalk from each 
other. In short, there are scarcely two bodies whose 
particles cohere with the same force. ‘The force of co- 
hesion in solid bodies is measured by the weight neces~ 
sary to break them, or rather to pull them asunder. 


Thus if a rod of glass be suspended in a perpendicular ~ 


direction, and weights be attached to its lower extre- 
mity till the rod is broken by them, the weight attach- 
ed to, the rod just before it broke is the measure of the 
cohesive force of the rod. We are indebted to Muschen- 
broeck for the most complete set of experiments hither. 
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to made upon the cohesive force of solid bodies. Sick- 
_- engen has also examined the cohesion of several of the 
metals with much accuracy.. The results of the la- 
bours of the first of these philosophers may be seen in 


the following Taser * : 
I, Metats. 
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an inch square, 
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Explained 3. The nature of cohesion has been more happily ex- 

it Bagi a ’ plained by Boscovich than by any other philosopher. 


Indeed it forms the most beautiful and satisfactory part ° 


. 
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of his theory. According to him, the particles of bo- 
dies cohere together when they are placed in the limit 
of repulsion and attraction. Two particles, when si- 
tuated at a certain distance from each other, repel each 


other mutually ; this repulsion gradually diminishes as 


the distance between the particles increases, till at last 
when the distance reaches a certain magnitude, the réx 
pulsion ceases altogether. If the distatice be increased 
ever so little, the particles now, instead of repelling, at 
tract each other; and this attraction increases with the 
distance, till at last it reaches its maximum, From 
this point it gradually diminishes, till at last, when 
the particles have acquired a certain distance, it va- 
nishes altogether. If the distance be increased ever 
so little beyond that distance, the particles now again 
repel each other. He supposes that the insensible di- 
stance between two particles is divided into an indefi- 
nite number of portions of alternate repulsions and at- 
tractions. | 

Let the line AH (fig. 11.) represent the insensible 
distance between two particles ; and let the ordinates of 
the curve 1Q qq q" represent the attracting and repel- 
ling forces of the two particles as the second’ moves a- 


long the line AB while the first remains in the point 


A. The ordinates of the curves situated above the line 
AH represent repulsive- forces, and those below the 


line represent attracting forces. The points B, C, D, 


E, F, G, H, where the curve cuts the axis, represent 
the limits between repulsion and attraction. While the 


second particle is in any part of the line AB it is 
“repelled: the repulsion increases as the particle ap- 
. proaches A, and at the point A it is infinite, because the 


line Aa is to be considered as an asymptote to the 
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curve. At the point B the second particle is neither 


repelled nor attracted. In every part of the line BC | 
it is attracted; and the attraction is a maximum at P, 
because there the ordinate PQ is a maximum. At the 
point C it is neither attracted nor repelled. In every 
part of CD it is repelled; in D it is neither attracted _ 
nor repelled ; in DE it is attracted, and so on. | 

Now the points B, D, F, and H, are called by Boss 
covich limits of cohesion, because particles placed inthese — 
points remain unaltered, and even resist any force which 
endeavours to displace them If they are driven near- 
er each other, they are again repelled to their former 


limit : on the other hand, if they are driven toa great- 


er distance, they are again attracted to their former si- 
tuation. : ; 

-Boscovich stipposes, that in all cases of cohesion the 
particles of the cchering body are so situated as to be 


in these limits of cohesion with respect to each other. 
According to this. very ingenious theory, cohesion is 


not, properly speaking, a force, but the interval be- | 
tween two forces. And even if we were to modify the 
theory a little, still we must ‘consider’ cohesion as the 
balancing of two opposite forces, either of which be- 


comes prevalent according as the cohering particles are. 


urged nearer each other or forced to a greater distance. 
Consequently, if we were to speak with precision, cobe- 
sion is. not itself a force, but the absence of a force. 
What has been hitherto called the force of cobeston, is 
the attraction which prevents the cghering particles 
from separating from each other, and which begins to : 


act; or, more precisely, which becomes prevalent when 
the particles are urged to a greater distance from each 
other, | | 
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4. Boscovich-has shewn, in a very satisfactory man-. 


ner, how all the varieties of cohesion may be produced 


by the differences inthe size, figure, and density, of the 
_cohering particles *, It deserves attention, that in most 


cases the cohesive force of simple bodies is greater than 
that of compound bodies. To this indeed there are a 


great number of exceptions, but the observation holds. 
in a variety of instances. All the metals cohere very 


strongly ; the diamond probably coheres with no less 
force, if we can judge from its hardness; and the cohe- 


sion of sulphur is also very considerable. Thus if we - 


except phosphorus, all the simple substances are re- 


markable for cohesion. Those of them which are in 


the state of elastic fluids must be excluded altogether ; 


because in that particular state the particlés, instead of 


being in the limit of cohesion, are actually repelled. In 


_ the earths, too, such of them at least .as are found ery- 
stallized in a state of purity, the cohesion is very strong. 


Thus the sapphire or crystallized alumina, and rock 
erystal or crystallized silica, are always very hard, and 
exhibit a much stronger cohesion than limestone, or 
magnesian stones, which are composed of heterogeneous 
bodies. This remark, however, by no means applies 
to the metals; for in them the cohesion is very often 
increased considerably by alloying them together. Thus 


the cohesion of copper is doubled by alloying it with 


one-sixth of its weight of tin, though the cohesion of 


the tin is scarcely one-sixth of that of the copper. . 


The cohesion of metals is greatly increased by for- 
ging them. and by drawing them out into wire. By 
this last operation gold, silver, and brass, have their 


— 


® Sec his Theoria Philosophie Naturalis, Part iti. Sect. 406, p- 185. 
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Book I. cohesion nearly tripled; copper and iron more thaw 
doubled. 
ne §. There are three states) in which bodies exist ex- 
; ceedingly distinct from each other; the state of solids, 
of liquids, and of elastic fluids. In the two first states 
the particles cohere with more or. less force; but the 
cohesion produces in them very different effects. In the 
first it prevents all relative motion among the particles 
themselves; in the second, this relative motion is left 
at full liberty. Hence in solid bodies the motion of one 
particle is followed by the motion of the whole mass ; 
or if that is impossible, the cohesion is destroyed alto- 
gether. In liquids, on the contrary, the motion of ene 
particle is not necessarily followed by that of the rest, 
neither does that motion destroy the cohesion. Bosco- 
wich hasshewn, that solidity and duidity are the conse- 
quence of the figure of the cohering particles. If that - 
figure is such that the particles may change their post- 
tion without altering their relative distances, the conse- 
quence must be fluidity ; because in that case there is 
nothing to oppose the motion of any individual parti- 
cle. This happens when the particles are spherical ; 
but if the figure be such that the particles cannot change 
their position without altering their relative distances, 
the bodies which they compose must be solids, because 
gl] relative motion of an individual particle is opposed 
by the attractions and repulsions of all the surrounding 
particles; for every motion must bring the particle out 
of the former limit of cohesion. . This happens when 
the particles have the figure of parallelopipeds, or any _ 
other figure except that of spheres. . 
This explanation is exceedingly ingenious ; ; but it 
would not be an easy task to explain by means of it all 
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i _ the phenomena of solidity and fluidity. How comes it, 


_ for instance, that the addition of a certain dose of calo- 


ric renders a body fluid which was before solid ? Tf it 


_ be answered, that it acts by combining with the parti- 


cles of the solid in such a manner as to render them 
spherical ; how comes it, in that case, that gold and 


‘platinum, metals which are ductile and malleable, pto- 


pecties which indicate a kind of approach to fluidity, 
and of course to sphericity, in the’ particles of these 
metals—-how comes it that they require so much more 
caloric to ‘render them fluid than bismuth or sulphur, 


which are altogether brittle? We must rather consider 
fluidity as a kind of solution in caloric, analogous to. the 
solution of salts in water. But this explanation, tho’ 

it would do very well in many instances, would lead 


Us in others to difficulties as great as those which we 
are endeavouring to avoid. 

The cohesion of liquids is often very considerable. 
According to Sir Isaac Newton, it is nearly propor- 
tional to the density of the liquid. This holds pretty 
accurately in several instances: but it is not easy to 
ascertain the cohesion of a liquid with precision, because 
the particles slide upon each other, and the column of 
the liquid, whose cohesion we are Measuring, always 
becomes smaller and smaller, till at last it consists only 


_ of avery small number of particles. 


iy 


Viscid bodies have particles approaching to a sphe- 


‘tical form; but deviating from it so far as to occasion 
a certain resistance to the relative motion of the par- 


ticles. | 
Solid bodies are of two kinds: tlie may either re. 


_ sist all change of distance in their particles so strongly 
as not to be capable of compression or dilatation with- 


a 
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Book II. out.a breach of cohesion; or they may admit of both 
cae aman to acertain degree with facility. The first of these 
constitutes hardness ; the second constitutes softness, if 
the particles retain their new situation, or elasticity if’ 
they return again to their old position when the exters 
nal force is removed*. Ductility and malleability de« 
_ pend upon the same state as softness, only the particles 


—— oe 


require a greater force to make them change go si« 
| _ tuation and assume a new one. 

Solution, (6. When a solid body is plunged into a liquid, if hae 
particles of the liquid attract those of the solid with a 
greater force than these last particles attract each other, 

they are gradually carried off by the fluid, and combine 
with its particles, that is to say, the solid is gradually 
dissolved. ‘Thus sugar is disolved by water, and sul- 
phur by oil. The particles of the solid thus dissolved 
are each of them surrounded and combined with a cers 
tain number of the particles of the liquid. Hence they _ 
must be arranged in the liquid in regular order, and at 


a == i a 


regular distances from each other. The greater num- 

ber of particles thus dissolved by the liquid, the smaller 

is the aflinity by which each of them is retained, because 
it is surrounded by a smaller number of particles of 

the liquid. But the greater must be the force with 
which these particles are attracted towards each other, 

and of course tend to form the solid again by cohesion; 
because the greater the number of the particles of the — 

solid dissolved in the fluid, the nearer are they to each 

. other. . | | 

Thus it appears that the afhnity between the fluid 

and solid diminishes with the quantity dissolved ; but— 

that the tendency to cohesion increases with that quan- 


*® Boscovich, Thcoria Naturalis, p. 199, 
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tity. Mirae warns if the. solution be supposed to go 
en, these two opposite forces must at last balance one 
another. And whenever that happens, the liquid can 
dissolve-no more of the solid. If it did, the particles 
of the solid would in part cohere, and fer a new por- 
tion of the solid again. Whenever this happens, the 


"i then does not mean that its affinity for the solid is sae 


P the combined particles to cohere. Now, when a Mid 
is saturated with a solid, if by any means we can ab- 


consequence will be, that they will unite and form solid 
bodies anew, till their number be so much diminished, 
that their mutual attraction is again counterbalanced 
j by the aflinity of the liquid. Hence the reason that 
-€vaporation occasions the crystallization of those bodies 
_ which are held in solution by liquids. 

| 4. These different solid bodies differ excessively from 


rence can only be ascertained by experiment. Thus the 
. tendency to cohesion, and the force of cohesion in silica, 
is so strong, that when it has been precipitated from a 
‘solution by evaporation, it cannot be dissolved Sc in 
the same liquid. : 
This tendency to cohesion, and the consequent inso- 
-dubility of the compound, produce many of the most 
oe Snes of saan eee as a, oceeeo 


em But this sipedse beled more eprepaale to 
the next Chapter, i in which it will be necessary to point 
7 _ Vor. III. L 


_Stract part of that liquid, the cohesive force of the par- 
ticles of the solid must gain the superiority ; and the . 


_ each other in their tendency to cohesion ; and this diffe. 


fluid is said to be saturated. ‘The saturation of a flui 4° 


* 


i‘ tisfied, but that it is not greater than the tendency of | 


Sl 


162 


Book. IIL 


Crystals 


* formed by 


Solution, 


us, they considered that body as.nothing else than’ water Bi 


salts. They are dissolved in water: the water 1s: slow= 
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out thé effect of cohesion as an antagonist to heteroge- 
nous affinity. Let us proceed, therefore, ‘to consider 
the forms which bodies assume when their particles: 
have full inaithita to unite themselves eh cohesion, eet 


- 


‘SECT. IL. 


OF i CORTES FA Aid Oe 


A 


Tar word crystal (eines), ecibistaite signified ice a 
"but it was aft erwards applied by the ancients to crystals 
lized silica, or rock crystal; because, as Pliny informs — 


congealed by the action of cold. » Chemists afterwards ‘ 
applied the word. to all transparent bodies of a regular — 
shape 5 and at present it is employed to denote in gee 
neral the regular figures which bodies assume when 
their particles have full liberty to. combine according to” 
the laws of cohesion, Now there. are three ways. by 
which they may be put into that. situation, namely, — a 
solution, suspension, and fusion, pe di 
1. Solution is the common method of crystallizing 


ly evaporated, the,(saline particles gradually approach - 
each. otler, combine together, and form small crystals 5_ 
which become constantly larger by the addition of other — 
particles till at last they fall by their gravity to the bot. 
tom of the vessel... It ought to be remarked, however, 
that there are two kinds of solution, each of which pre- 


atts 
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» gents alittxent ghertolens of cys tathwation: Some salts 

dissolve in very small proportions in’cold water, but are 
ey ey soluble in hot water; that is tov say, water at the 
“common temperature has little effect upon them, but 
‘water combined with caloric’ dissolves them readily. 
When hot water saturated with any of these salts conjs 
it becomes incapable of holding them in solution’; ‘the 
consequence of which is, that the saline particles’ gra- 


Chap. iw 


dually approach each other and crystallize. Sulphat of 


soda is a salt of this kind. To crystallize such. salts 
« nothing more is necessary than to saturate hot’ water 
ir owith them,’ arid set it by to cool. But weré we to at. 
“tempt to crystallize them by evaporating the hot’ water, 
we’ should not succeed § nothing would be procured but 
X a shapeless mass. Many of the salts which follow: this 
lew of crystallization combine with a ‘great deal of wa- 
ter; or, which is the same thing, many crystals formed 


lization. 

There afe other salts again which are nearly equally 
soluble in hot and cold water; common salt for j instance, 
_ ‘It is evident that such salts cannot be crystallized by 
cooling ; but they crystallize very well by evaporating 
their solution while hot. | These’ salts generally contain 
but little water of: crystallization. ’ ALE) 


, 


9. Jt appears, too, that some substances are capable 
_ of assuming a crystalline: form merely by having their 
{ particles i eran in water, without any regular sdlue 


to explain the crystallizations of carbonat of lime some- 


that mineral. ' , 


L2 


; tion; at least it is not easy, on any other supposition, 


in this manner contain a great deal of water of crystal- 


Suspension, 


_ times deposited by waters that. run. over quantities obi! 
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3. There are many substances, however, neither solu. 
ble in water, nor capable of being so minutely divided 
as to continue long suspended in that fluid; and which, 
notwithstanding, are capable of assuming a crystalline 
form. ‘This is the case with the metals, with glass, and 
some other bodies. The method employed to crystal- 
lize them is fyston, which is a solution by means of ca- 


- loric. | By this method the particles are separated from 
one another; and if the cooling goes on gradually, they — 


are at liberty to arrange themselves in regular cry- 
stals, : 

There are several bodies which it has been impossible 
hitherto to reduce to a regular crystallized form, either 
by these or any other method, owing chiefly, no doubt, 
to our ignorance of the laws of crystallization ; for 
many of these bodies are found native in regular cry- 
stals. This is the case with carbon and alumina, and 
many earthy combinations. | 

4. The phenomena of crystallization seem to have at- 
tracted but little of the attention of the ancient philoso- 
phers. heir theory indeed, that the elements of bo- 
dies po sess certain regular geometrical figures, may 


have been suggested by these phenomena; but we are) 
ignorant of their having made any regular attempt to 
explain them. The schoolmen ascribed the reqular fie 4 
gure of crystals to their substantial forms, without giving 


themselves much trouble about explaining the meaning 
of the term. This notion was attacked by Boyle; who 


-proved, that crystals are formed by the mere aggrega- 


tion: of particles *, But it still remained to explain, 


SES 


* Treatise on the Origin of Forms and Qualities. 
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s bet thats airealesitih took place i ? and “ the particles 

_ united in such a manner as to form regular figures ?- 
The aggregation is evidently the consequence of that 

_ attractive force which has been examined in the last Sec- 


_ tion. But to explain the cause of the regular figures is a. 


more dificult task. Newton has remarked, that the par-> 
ticles of bodies while in a state of solution, are arranged 
in the solvent in regular order and at regular distances; * 


the consequence of which must be, that’ when ‘the: 


force of cohesion becomes suficiently strong to sepa-. 
rate them from the solvent, they will naturally combine 
in groups, composed of those particles which are nearest 


each other: Now all the particles of the same body 


must be supposed’ to have the same figure;°and the 
combination of a determinate number of similar bodies 
. Must produce similar figures. Hauy has made it ex-° 
du ceedingly probable that these integrant particles always 
combine in the same body in the same way, that isto 
Say, that the same faces, or the same edges, always at- 
tach themselves together ; but that these differ in’ diffe. 
rent crystals. This can scarcely be accounted for, with. 


out supposing that the particles of bodies are endowed BS 


with a certain polarity which makes them attract one 
part of another particle ‘and repel the other parts. Tig 
polarity would explain the regularity of crystallization ; 
but it is itself inexplicaple. 


-g-It has been observed, that those salts which ery= 


stallize upon cooling, do not assume a crystalline form 

go readily if they are allowed to cool in close vessels, If. 

a Saturated solution of sulphat of soda, for instance, in 

hot water, be put into a phial, corked up closely, and 

' allowed to cool without being moved, no crystals are 
| is 
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Book Ill. - formed atvall ; but the moment the glass is opened, they 
—— 
salt crystallizes with such rapidity that the whole of the: 


‘ved, depends entirely upon the retention of caloric. 


ao 
‘ 
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solic ina manner becomes solid. ‘This phenomenon 
has been explained by supposing that there is an affi- 
nity between: the sait'and caloric, and that while the . 
calorie contifues combined with it the salt'does not cry-) 
stallize; that the caloric does not leave the salt so readily ¢ beat 
when external air is ‘not -admitted, as glass receives) 
it very slowly and _, parts a very slowly. In shorty) : 
the-atmospherical air seems to be the agent employ=) 
ed. to carry off the caloric; a task. for which: it “is: 
remarkably well fitted, on account of the change of: 
density which it undergoes by every addition: of -calo-” 
ric. This is confirmed by the quantity of caloric which” i, 
always makes its appearance during thesevsuddenicry+) 
stallizations. [his explanation might be put to the 
test of experiment, by putting ‘two. solutions of sulphat) 
of soda:in hot water in two similar vessels; one of glassy)” 
the other of metal, and both closed inthe same mans 
ner. If the salt contained in the »metailic’ vesselicry=) 
stallized, which ought to be the case on account of they a 
great conducting power of metals, while that in the glass) 
vessel eetened liquid, this would be a confirmation of 
the theery, amounting almost fo cemonstration. On: 
the contrary, if both solutions remained liquid, it would . 
be a proof that the phenomenon y was still “incompletely 
understood. . bé.a 

Not only salts but water itself, sig opis cry- 


7 
A 


stallizes at 32°, may be made to exhibit the’ same:phe=» ~ ; 
nomenon: it may be cooled much lowerthan 32° with- 
out freezing. Thisy.as Dr Biack has completely pros 
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3 If the sGeuke ‘sd crystals: Janelle aes the Sigurd 
of their integrant particles, and . upon the manner in 
which they combine, it is reasonable to suppose that 
the same. particles, when at full liberty, will always 
combine in the same way, and consequently that the 
erystals of | every particular body will be always the same. 
Nothing at first sight' can appear farther from the 
truth than this. » The different forms which the crystals 
ofthe same body assume are often very numerous, and 
exceedingly different from each other: |Carbonat’ of 
_ ime, for instance, has been lise wveduchystallized in no. 
hii fewer than forty different forms, fluat of lime imeight 

different forms, and sulphat of lime ‘in ‘aia an.equal 
number. ) otlt.e2 talennasades cers yooh gh 


, 


Bur this inconsistericy isnot so great as might at 


body susceptible of crystallization has’a particular form 
which it most: frequently assumes, orcat least to) which 
it dnost frequently approaches... Bergman has) demon- 
_ strated, that) this primitive formy.as Hauy has’ called it; 


: 


very often lies concealed in thoservery erystals | which 
_ appear to'deviate farthest from itie) And aug pie de- 
monstrated, that all crystals either have this primitive 
_ form, or at least: contain it as a nucleus: within | hebontiag 
for it may be extracted out of all of them ii “BE * skilful 
_ mechanical division, | 


Happening totake up a hexangular prism of: lenis 
“ous spar, or catbonatiof lime, which had been: detached 
from a group of the same kindof crystals, he observed 
that a small portiom of the crystal was wanting, and that 
‘the fracture presented a very smooth surfaces Let abcd 
“fs b (fg. 12.) be the crystal; the fracture lay: omaely 
pe tie trapezium ps wt, and made an angle of 135°; 
t L 4 


“ie sight appears *Romé de Lisle has shown that every” 


All crystals 
have a pri- 
mitive 
form, 
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_ degree of obliquity as the trapezium p sa t, and assisted — 
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tuef, the remainder of the sidezn ef. Observing 
that the segment psutin thus cut off had for its ver- = 
tex in, one of the edges of the base abcnih of the ? 
prism, he attempted to detach a similar segment in the 
part to which the next edge cn belonged; employed for 
that purpose the blade of a knife, directed in the same | 


by the strokes of a hammer. He could not succeed 2 4 ’ 
But upon making the attempt upon the next edge d co 
he detached another segment, precisely similar to the Sit 
and which had for its vertex the edge bc. He could pro- 
duce no effect on the next edge ad; but from the next 
following, a b, he cut a segment similar to the othertwo. 
The sixth edge likewise proved refractory. He then i 
went to the other base of the prism defghr, and 4 
found, that the edges which admitted sections similar 
to the preceding ones were not the edges ef, dr, gk, 
corresponding with those which had been found divisible i 
at the opposite base, but the intermediate edges de, kr, a 
gf. The trapezium 7g yv represents the section'of 
the segment which had £ r for its vertex. ‘This: section o 
was evidently parallel to the section prise tes and the 
other four sections were also parallel two and two. : 
These sections were, without doubt, the natural joinings 
of the layers of the crystal. And he -easily succeeded 
in making others parallel to them, without its being : 
possible for him to divide the crystal in any other direc+ 
tion. In this manner he detached layer after layer, ap- _ 


proaching always nearer and nearer the axis of the aa 
prism, till at last the bases disappeared altogether, and ~ 
the prism was converted into a solid OX (fig. 13.), ter- 
minated by twelve pentagons, parallel two and two; i af a 
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which those at the extremities, that-is to say, ASRIO, 
-IGEDO, BAODC at one end, and FENPQ, MNPXU, 
. ZQPXY at the other, were the results of mechanical 
division, and had their common vertices O, P situated 
_ at the entrance of the bases of the original prism. The 
- six lateral pentagons RSUXY, ZYRIG, &c. were the 
“remains of the six sides of the original prism. 


the lateral pentagons diminished in lengths and at last 
hi: the points R, G coinciding with -the points Y, Z, the 
_ points S;R with the points U, Y, &¢, ‘theré. remain- 
ed nothing of the lateral ‘pentagons but the triangles 
YIZ, UXY, &c. (fig. 14.). By continuing the same 
sections, ‘these triangles at last disappeared, and the 
" prism was converted into the thomboid a ¢ (fig. £52). 

: So unexpected a result induced him to make. the 
_ same attempt upon more of these crystals; and he found 
that all of them could be reduced to similar rhomboids. 
He found also, that the crystals of other substartces 
could be reduced in the same manner to certain primi. 
: tive, forms; always the same in the same substances, 
_ but every substance having its own peculiar form, ‘Phe 
gy primitive form of fluat of lime, for instance, was an oc- 
 tahedron 3 of sulphat of barytes, a prism with rhomboi- 
dal bases; of felspar, an oblique angled parallelopi. 
F ped, but not rhomboidal s of adamantine spar, a rhom- 
_ boid, somewhat acute ; of blende, a dodecahedron, with 
_ srhomboidal sides; and so on. 


These primitive forms must depend upon the ficure 
of the integrant particles composing these ¢rystals, and. 
a upon the manner in which they combine with each 
K other. Now by continuing the mechanicgl division of 
_ the crystal, by cutting off slices parallel to each of its 


‘ 


_ By continuing sections parallel to the former onésy. 
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the primitive crystals, do not always join together in 


_ pose primitive crystals of different figures. 
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faces; we must at last reduce it to so small a-size that it RY 
shall contain only a single integrant particle. | Conse=. 


quently this ultimate figure of the crystal must be the — 
figure of the integrant particles.of which itis compo- 
posed. The mechanical divison, indeed, cannot be con- — 


tinued so far, but it may be continued till it cam be ‘de> _ 


-monstraied that no subsequent,division can alter its fi- i , 
gure. _ Consequently it can be continued till the figure €h 
which it assumes is similar to. that of its integrant baat ae 
ticles. | ner ene ere 
Hauy has found, that the Seis of the ie par- ie 
ticles of bodies, as far as experiment has Bangs ieee be a 
reduced to three; namely, ce ae 
. The parallelopiped, the simplest of the: etidap 2 
hl faces are: $ix in ntmber, and parallel. two and “¥ 
two. : infidel 
ou, The printguiae prism, the simplest of prisms.” BERK 
3. The tetrahedron, the simplest of pyramids. Even — i 
this small number of primitive forms. if cw edhainnibithitd a 
the almost endless diversity of size, proportion, and den= | % 
sity, to which particles of different bodies, though they y 
have the same figure, may still be liable, will be foynd 
fully sufficient to account forall the differences in cohe= — i. 
sion and heterogeneous affinity without having recourse 
to different absolute forces. {> feetsl 
These integrant particles, wher they unite sive iid 


the same way. Sometimes they! unite by their faces, 
and at other times by their edges, leaving considerable a 
vacuities between each. » I his.explains why integrant 


particles, though they have the same form, may coms — 


+ 
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Mr Hiway has ascertained, that the peimiciv Sint Maisie i. ison 

phones are six in number ; namely, Wi Hi ott iat primitive 

ka The parallelopiped,) which iachediaee sab “shee ee) 

homboid, and all solids terminated by six laces, paralis | 

lel two and two. joo) os ule LOS PDE BA mR | 

2. The regular asthe “pias «hale 

i The octahedron with, triangular faces. sj. 91!) \4 pti: ye” 

- 4+'The six-sided prism. -.. _ ety 

gh The dodecahedron, terminated as chtimbs: 

| 6. The dodecahedron, with isosceles triangular faces,, 

Each of these may be supposed to: cecur as the pri- 

mitive form or the nucleus 1 in a variety of bodies 3 but 

those only which are regular, as the cube and the octa-, 

h edron, have. hitherto, been found in any considerable 

number... » 

' But bodies, when cry ‘stallized, aie not pena appear. ‘ 

i in the primitive form; some of them indeed very sel 

dom affect that form; 5 and all of them. have acertainda- 

titude and a.certain number of formis which they. ass 

" suine occasionally as well as the primitive form. Thus. Secondary 

‘the primitive form of fluat,of limevis:the octahedron; “Y#sove _ 
img to 

bat. that salt is often found crystallized in: citbes, »in 

rhomboidal dedecahedrons, and in other forms. / All 

hese different forms which a body assumes, the primi- 

Ey excepted, have been denominated by Hauy secon- 

dary forms. Now whatis the reason of this: latitude 

in erystallizing 2?) why do bodies,assume so often these 

se condary forms?) - | 

oi To this it:may be answered: : 

_ ast, That these secondary forms are sometimes OWINS Differences 

to variations in the ingredierits which compose the in- eR 

te grant particles of any particplar body. Alum, for » 

ir stance, crystallizes in octahedrons; Lut when a quan- 
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tity of alumina is added, it crystallizes ir in enlsed foal 
when there is an excess of alumina, it does not crystal- 
lize at all. If the proportion of alumina varies between. | 
that which produces octahedrons and what produces cus 
bic crystals, the crystals become figures with fourteen 
sides ; six of which are parallel te those’ of the cube 
and eight to those of the octahedron; and according as_ 
the proportions approach nearer to those which | font 4 
cubes or octahedrons, the crystals assume more or less 
of the torm of cubes or octahedrons. What is ‘still 
more, if a cubic crystal of alum be put into a solution 4 
that would afford octahedral crystals, it passes into” af 
octahedron: and, on the other hand, an octahedral ery-. a 
stal put into a solution that would afford cubic crystals. 
becomes itself a cube *. Now, how difficult a. matter 
it is to proportion the different ingredients with absolute 
exactness must appear evident toall. i . 7 4 

ad, The secondary forms are sometimes owing to 
the solvent in which the crystals are formed. Thus a 
common salt be dissolved in water, and then crystalli , 
zed, it assumes the form of cubed 3 ; but when erystalli- 
zed in urine, it assumes the form not of cubes, but of | 
regular octahedrons. On the other hand, muriat of ame 
monia, when onyucalaned in water, assumes the octa= 
hedral form, but in urine it crystallizesin cubes}. 

3d, But even when the solvent is the same, aadecad 
proportion of ingredients, as far as can be ascertained, 
exactly the same, still there are a variety of secondary 
forms which usually make their appearance. These | 
secondary forms have been happily explained by the 
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* Le Blanc, 4un. de Chim. xiv. 149. , 
} Fourcroy and Vauquelin, Ibid. 
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theory of crystallization, for which we are wincdebatead to 
the sagacity of Mr Hauy; a theory which, for its in- 
genuity, clearness, and importance, must ever rank high, 
and which must be considered as one of the greatest ace 
quisitions which mineralogy and even chemistry have 
; hitherto attained. 
_ According to this theory, the additional matter which 
_ envelopes the primitive nucleus consists of thin slices 
or layers of particles laid one above another upon the 
faces of that nucleus; and each layer decreasing 1 in size, 
in consequence of the abstraction of one or more rows 
of i imtegrant particles from its edges or angles, 
Let us suppose that ABFG (fig 16.) isa cube com- 
2 sed of 729 small cubes: each of its sides will consist 
of 81 squares, being the external sides of as-many cu- 


on ABCD, one of the sides of this cube, let us apply a 
- square lamina, composed of cubes equal to those of 
_ which the primitive crystal consists, but which has on 
each side a row of cubes less than the outermost layer 
_ of the primitive cube. It will of course be composed 
| of 49 cubes, 7 on each side; so that its lower base on TE 
“(fig. 17.) will iall exactly on the square marked with 
the same letters in fig. 16. : 

4 _ Above this lamina let us apply a second Jm pu (fig. 
18.), composed of 25 cubes; it will be situated exactly 


Upon this second Jet us apply a third lamina ox YR 
(fig. 19.), consisting only of 9 cubes ; so that its base 
shall rest upon the letters ux yz (fig: 16.) Lastly, on 
the middle square r let us place the small cube r (fig. 
20.), which will represent the last lamina. 

It is evident that by this process a quadrangular py- 


_above the square marked with the same letters (fig, 16, > 
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bic particles, which together constitute the cube. Up- - 
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Book Ill. ramid has been formed upon the face ABCD (fig. 16. ; ? 


form the pyramids, and consequently that the channels — 
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the base of which is this face, and the vertex the cube 
r (fig. 20.) By continuing the same operation on) the 
other five sides of the cube, as many similar. pyramids — 
will be formed; which will envelope the cube on chiee, 
side. : u 

It is evident, however, that the sides of elise) pyrae 
mids will not fornt continued planes, but that, owing to 
the gradual diminution of the laming of the cubes which _ 
compose them, these sides will resemble the steps of a — 
stair, Wecan suppose, however (what must certainly . 
be the case), that the cubes of which the nucleus is % 
formed: are exceedingly small, almost imperceptible ; 5 MM 
that therefore a vast number of lamine are required to. R: 


which they form are imperceptible. Now DCBE (fig. © 
21.) being the pyramid resting upon the face ABCD % 
(fig. 16 )s and CBOG (fig: 21.) the pyramid applied 
to the next face BUGH (fig. 16), if we consider that 
every thing is uniform from E to O (fig. 21 .) in the — 
manner in which the edges of the laming of superpost= 
tion (as the Abbé Hauy calls the lamine which com , 
pose the pyramids) mutually project beyond each arlydh) | : 
it will readily be conceived that the face C EB of the i , 
first pyramid ought to beexactly in the same plane 
with the face. COB of the adjacent pyramids and that | : 
therefore the two faces together will form one rhomb j 
ECOB.. But all the sides of the six pyramids amount k 
to 24 triangles similar to CEB: consequently they will — 
form 12 rhombs, and the figure of the whole hae id 
wil be a dodecahedron. t Sig 

Thus we see that a body which has the cube for the. 
primitive form of its crystals, may have a dodecahedron . 
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hen. oF its secondary form. The formation of secondary 
erystals, by the superposition of lamin gradually de- 
_ creasing in size, was first pointed out ‘by Bergman. But 
Hany has carried the subject much ‘farther: He has 
“not only ascertained all the different ways by which 
these decrements of the laminz may take place, but 
pointed out the method of calculating all the possible 
a variety of secondary forms which can result froma 
4 given primitive form; and consequently of ascertaining 
_ whether or not any given crystal can be the secondary 
ern of a given species. 

_ The decrements of the laminze which cover the pri- 
Sine nucleus in secondary'cry tails are of four kinds. 


1. Decrements on the edées ; that is, on the edees of These of 


the slices which correspond with the edges of o- pri- 

mitive nucleus. yA 2 8 ) 
2. Decrements on the angles; that is to say, parallel 
“to the diagonals of the faces of the primitive nucleus. 

- 3: Intermediate decrements ; that isto say, parallel 
to lines’ situated obliquely between the diagonals and 

edges of the faces of the primitive nucleus. 

4 » 4. Mixed decrements. In thése the superincumbent 
slices, instead of having only the thickness of one in- 


_ tegrant particle, have the thickness’ of two or more in- 


-tegrant particles; and the decrement; whether parallel — 


- to the edges or angles, consists not of the abstractionof 


four kinds, 


_ one row of particles, but of two or more. Hauy dé+ 


“notes these decrements: by fractions, in which the nu- 
f -merator indicates the number of rows of particles which 
constitutes the decrement, and the denominator fepred 
sents the thic kness of the lamina.” Thus } denotes la- 
ming of the thickness of. three integrant ‘Aah 8 de- 


creasing by two rows of particles. 
aes 
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An example of the first law of decrement, or of de~ 
crement on the edges, has been given above in conver- 
sion of the cubic nucleus to a rhomboidal dodecahedron, 
In that example the decrement consisted of one row of - ms, 
particles, and it took place on allthe edges. But these 
decrements may be more rapid; instead of one, they 
may consist of two, three, fonr, or more rows: and in- 
stead of taking place on all the edges, they may be con- 
fined to ene or two of them, while no decrement at all 
takes place on the others. Each of these different mo~ — 
difications must produce a different secondary erystal. 
Besides this, the lamin may cease to be addea before 
they have reached their smallest possible size; the con- 
sequence of which must be a different secondary form. 
Thus, in the example given above, if the superposition 
of lamine had ceased before the pyramids were com- — 
pleted, the erystal would have consisted of 18 faces, 6 
squares parallel to the faces of the primitive nucleus, — 


and 12 hexahedrons parallel to the faces of the seconda- 
ry dodecahedron, This is the figure of the borat of . 
lime-and-magnesia found at Luneburg. 4 

The second. law in which the decrement is on the . 
angles, or parallel to the diagonals of the faces of the % 


primitive nucleus, will.be understood from the follow- 


Pe 
-> 
- 


ing example: Let.it be, proposed to construct around 
the cube ABGF (fig. 22.), considered as a nucleus, a 
secondary solid, in*which the lamine of superposition 


+ . 
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shall decrease on all sides by single rows of cubes, but 
ina direction parallel. to the diagonals. Let ABCD 
(fig..23.), the superior base of the nucleus, be divided a 
into. 81, squares; ‘representing the faces of the small 
cubes of which it is. composed. Fig. 24, represents the — j 
superior surface of the first lamina of superposition ; “i 


_ the case, re-entering angles would be formed towards’ 
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® manner, that the points a’, b’, c’, a’, (fig. 24.) answer 
to the points a, 3, c, d, (fig. 23.) By this disposition; 
the squares Aa, Bd, Cc; Dd; (fig. 23.) which compose 
the four outermost rows of squares parallel to the dia- 
gonals AC, BD, remain uncovered. It is evident also, 


that the borders QV, ON, IL, GF, (fig. 24.) project. 


by one range beyond the borders AB, AD, CD, BC, 
(fig. 23.),.which is necessary, that the nucleus may be 
enveloped towards these edges: For if this were not 


the parts AB, BC, CD, DA of the crystal; which 


_ angles appear to be excluded by the laws which deter- 
_ mine the formation of simple crystals, or, which comes 


to the same thing, no such angles are ever observed in 


| any. crystal. The solid must increase, then, in those 


parts to which the decrement does not extend: But as 


this decrement is alone sufficient to determine the form 
of the secondary crystal, we may set aside all the other 
variations which intervene only in a subsidiary manner, 
except when it is wished, as in the present case, to con- 
struct artificially a solid representation of a crystal, 


and to exhibit all the details which relate to its struc. 


ture. 
The superior devs of the second lamina will be A’G’ 


LK’ (fig. 25.) Jt must be placed so that the points 


a", b", c’, ad” correspond to the points a’, J’, c’, d’, (figs 
“24. )s wea oh will leave uncovered a sett rew of cubes 
at each angle, parallel to the diagonals AC and BD. 
The solid still increases. towards the sides. The large 
faces of the laminz of superposition, which in fir. 24. 
Were octagons, in fig. 25. arrive at that of a square ; 
and when they pass that term they decrease on all sides ; 
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Book 1. so that the next lamina has for its superior face the | 


square B’M’L’S’ (fig. 26.), less by one range in every 
direction than the preceding lamina (fig. 25.) This 
square must be placed so that the points ¢, /’, oes 
(fig. 26.) correspond to the points e, f, g, 4, (fig. 2 5+) 
Figures 27, 28, 29, and 30, represent the four laminz 
which ought to rise successively above the preceding ; 
the manner of placing them being pointed out by cor- 
responding letters, as was done with respect to the 
three first lamine. The last lamina 2! (fig. 31.) isa 
single cube, which ought to be placed upon the square 
% (fig. 30.) | 

The lamine of superposition, thus applied upon the 
side ABCD (fig. 23.), evidently produce four faces, - 
which correspond to the points A, B, C, D, and form 
a pyramid. These faces; having been formed by la- 
minz, which began by increasing, and afterwards de- 
ereased, must be quadrilaterals of the figure represented | 
in fig. 32.3 in which the inferior angle C is the same. 
point with the angle C of the nucleus (fig. 22. and 23.); 
and the diagonal’ LQ represents LG’ of the lamina 
A'G'L'K’ (fig. 25.) And as the number of lamine 
composing the triangle LQC (fig. 32.) is much smaller 
than that of the laminz forming the triangle ZLQ , it 
is evident that the latter triangle will have a much 
greater height than the former. 

The surface, then, of the secondary crystal thus pro- 
duced, must evidently consist of 24 quadrilaterals (for 
pytamids are raised on the other 5 sides of the primary 
cube exactly in the same manner, disposed 3 and 3 a- 
round each solid angle of the nucleus. But in conse- 
‘quence of the decrement by one range, the three qua-. 
drilaterals which belong to each solid angle, as C (fig. 
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 92.), will be in the same plane, and will form an equi- | Chap. IL 


lateral triangle ZIN (fig 33.) The 24 quadrilaterals, 
then, will produce 8 equilateral triangles ; and conse- 
quently the secondary crystal will be a regular octa- 
hedron. This is the jstructure of the octahedral sul- 
phuret of lead and of muriat of soda. 

The third law is occasioned by the abstraction of Third and 
double, triple, &c. particles. Fig. 34. exhibits an in- shag 

stance of the subtractions in question; and it is seen 
that the molecule which compose the range represent- 
ed by that figure are assorted in such a manner as if of 
‘two there were formed only one; so that we need only 
to conceive the crystal composed of parallelopipedons 
having their bases equal to the small rectangles adc d; 
edfg, hgil, &c. to reduce this case under that of the 
common decrements on the angles. 

This particular decrement, as well as the foiirth law, 
which requires no farther explanation, is uncommon. 
Indeed Hauy has only met with mixed decrements in © 
some metallic crystals. 

These different laws of decrement account for all the 
different forms of secondary crystals. But in order to 

see the vast number of secondary forms which may re- 
sult from them, it is necessary to attend to the different 
modifications which result from their acting separately 

_ or together. These modifications may be reduced to 


~ 


~ 


seven 
_. 1a. The decrements take place sometimes on all the Modifica 
aly ‘tions to 
'y edges, or all the angles, at once. MEO Which these 
‘4 decrements 
. 2. Sometimes only on certain edges, or certain an- Ses subicce 
i. gles 
# 
3. Sometimes they are uniform, and consist of one, 


ay la or more rows. . 
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4. Sometimes they vary from one edge to another, ~ ‘ 


or from one angle to another. 


5. Sometimes decrements on the edges and angles 
take place at the same time. 


6. Sometimes the same edge or angle is subjected suc- - 


cessively to different laws of decrement. 


7. Sometimes the secondary crystal has faces paral- 


lel to those of the primitive nucleus, from the superpo- 
sition of lamine not going beyond a certain extent. 


Hence Mr Hauy: has divided secondary forms into 


two kinds, namely, simple and compound. Simple se- 
condary crystals are those which result from a single 


_law of decrement, and which entirely conceal the pri- 


mitive nucleus. Compound secondary crystals are those 


which result from several laws of decrement at once, or - 


from a single law which has not reached its limit, and 
which of course has left in the secondary crystal faces 
parallel to those of the primitive nucleus. 

“ {famidst this diversity of laws (observes Mr Hauy), 
sometimes insulated, sometimes united by combinations 
more or less complex, the number of the ranges sub- 


tracted were itself extremely variable; for example, 


were these decrements by 12, 20, 30, or 4o ranges, or 
more, as might absolutely be possible, the multitude of 
the forms which might exist in each kind of mineral 
would be immense, and exceed what could be imagined. 
But the power which affects the subtractions seems’to 
have a very limited action. These subtractions, for the 


“most part, take place by one or two ranges of mole- 


cules. I have found none which exceeded four ranges, 
except in a variety of calcareous spar, forming part of 
the collection of €. Gillet Laumont, the structure of 
which depends on a decrement by six ranges; so that 
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if there exist laws which exceed the decrements by four 
ranges, there is reason to believe that they rarely take 
place in nature, Yet, notwithstanding these narrow 
limits by which the laws of crystallizatipn are circum- 
scribed. I have found, by confining myself to two of 
the simplest laws, that is to say, those which produce 
subtractions by one or two ranges. t ‘at calcareous spar 
is susceptible of 2044 different forms: a number which 
exceeds more than 50 times that of the forms already 
known; and if we admit into the combination -decre- 
ments by three and four ranges, calculation will give 
8,388,504 possible forms in regard to the same sub- 
stance. his number may be still very much aug- 
mented in consequence of decrements cither mixed or 
intermediary. 

The striz remarked on the surface of a multitude of 
crystals afford a new proof in favour of theory, as they 
always have directions parallel to the projecting edges 
of the laminz of superposition, which mutually go be- 
yond each other, unless they arise from some particular 
want of regularity. Not that the inequalities resulting 
from the decrements must be always sensible, suppo- 
sing the form of the crystals had always that degree of 
finishing of which it is susceptible ; for, on account of 
the extreme minuteness of the molecules, the surface 


_ would appear of a beautiful polish, and the striz would 


elude our senses. There are therefore secondary cry= 


stals where they are not at all observed, while they are 


very visible in other crystals of the same nature and 
form. In the latter case, the action of the causes which 
produce crystallization not having fully enjoyed all the 
conditions necessary for perfecting that so delicate ope. 
ration of nature,'there have been starts and interruptions 
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Book III. in their progress; so that, the law of continuity not ha~ 


ving been exactly observed, there have remained on the 
surface of the crystal vacancies apparent to our eyes. 
These small deviations are attended with this advan- 


tage, that they point out the direction according to 


which the strie are arranged in lines on the perfect 
forms where they escape our organs, and-thus contri- 
bute to unfold to us the real mechanism of the struc- 
ture. | | 
The small vacuities which the edges of the laminz of 
superposition leave on the surface of even the most per- 
fect secondary crystals, by their re-entering and salient 
angles, thus afford a satisfactory solution of the difficul- 


ty a little before mentioned; which is, that the frags - 


ments obtained by division, the external sides of which 
form part of the faces of the secondary crystal, are not 
like those drawn from the interior part. For this di- 
versity, which is only apparent, arises from the sides in 
question being composed of a multitude of small planes, 
really inclined to one another, but which, on account 
of their smalness, present the appearance of ene platie ; 
so that if the division could reach its utmost bounds, all 
these fragments would be resolved into molecules ‘si- 
milar to each other, and to those situated towards the 


centre. 


The fecundity of the laws on which the variations of 


crystalline forms depend, is not confined to the produ~ 
cing of a multitude of very different, forms with the 
same molecules. It often happens also, that molecules 
of different figures arrange themselves in such a man- 


ner as gives rise to like polyhedra in different kinds of — 


minerals. Thus the dodecahedron with rhombuses for 
‘its planes, which we obtained by combining cubic mole- 
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cules, exists in the granite with a structure composed 
of small tetrahedra, having isosceles triangular faces ; 
and I have found it in sparry fluor (fluat of lime), 
where there is also an assemblage of tetrahedra, but re- 
gular ; that is to say, the faces of which are equilateral 
triangles. Nay more, it is possible that similar mole- 
cules may produce the same crystalline form by diffe- 
rent laws of decrement. In short, caiculation has con- 
ducted me to another result, which appeared to me still 
more remarkable, which is, that, in consequence of a 
simple law of decrement, there may exist a crystal 
which externally has a perfect resemblance to the nu- 
cleus, that is to say, to a solid that does not arise from 
any law of decrement™.” 


Suc is a general view of Hauy’s theory of crystal- 
lization, which has led already to several very impor- 
tant discoveries in mineralogy, and may be expected to 
lead to still more important ones hereafter. The evi- 
dence for its truth is the complete manner in which it 
explains the phenomena, and the exact coincidence of 
matter of fact in every instance, with the result of cal- 
culation. But as it cannot be shewn that the secondary 
forms are actually crystallized according to the theory, 
wé must consider it in the light of a mathematical hy- 
pothesis ; an hypothesis, however, of very great im- 
portance, because it serves to link together a vast num- 
ber of otherwise unconnected facts ; because it enables 
us to subject all the forms of crystals to calculation ; 
and because it puts it in our power to ascertain the na- 
ture of a body with the utmost certainty, from an accu- 
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“intimately connected, that their actions are very seldom 
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hypotheses may be considered as the clues which lead cs 
us through the otherwise impenetrable mazes of error, 2 
and conduct us at last, though after a tedious journey, 
to the goal of certainty and truth. | 


CHAP. III. 
OF HETEROGENEOUS AFFINITY, 


Hererocrnrous aFrinity differs from cohesion mere- 
ly in being confined to heterogeneous particles. It is 
usually known by the appellation of chemical affinity, 
and has hitherto almost exclusively occupied the atten- 
tion of chemists, on the supposition that it isexclusive- 
ly the cause of all the compositions and decompositions _ 
with which they are conversant; though in fact its m- 
fluence is neither more extensive nor more important 
than that of cohesion. Indeed the two powers are so 


| * 
a 


exhibited separately. In treating of heterogeneous af- 
finity, it is necessary to consider, 1. How heterogeneous 
particles combine ; 2. In what proportions they are ca- 


pable of combining; 3. The force with which they com. 
bine; and, 4. What takes place when a variety of he- 
terogeneous particles are made to act upon each other 
at the same time: These topics will form the subject 
of the four, following Sections. 
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OF COMBINATION. 


x a. Waerner there exists a reciprocal affinity between 
every species of the particles of bodies, is a point which 
cannot easily be determined, though it is certainly very 
probable that there does. But as the particles of bodies 
are usually found cohering together in masses, it is evi- 
dent that no heterogeneous bodies can combine unless 
their affinity for each other be stronger than the cohe- 
sive force which unites the respective particles of each. 
Now, whenever two bodies constantly refuse to com- 
bine, in whatever situation we place them, we say that 
they have zo affinity for each other ; meaning merely, 
that their affinity is not so great as to produce combina- 
tion. Thus we say that there is no affinity between 
oil and water, because these two liquids refuse to com- 
bine. together ; yet when oil is united with alkali, and 
in the state of soap, it dissolves in water ;-a proof that 
there does exist an affinity between water and oil, tho’ 
not strong enough to produce combination. We say al- ‘4 
go, that there is no affinity between azot and lime, be- | 
cause azotic gas cannot be combined.with that earth: yet 
nitric acid dissolves lime readily ; which shews us that 
the refusal of lime and azotic gas to combine is not the 
ma consequence of the want of an affinity between these 
two bodies, but of some other causes 
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2. We may present a body to another with which it 
is capable of combining in two different states ; either 
insulated or already combined. with some other body. 
Thus we may present lime to nitric acid, either in the 
state of pure lime, or combined with carbonic acid, and 
consequently in the state of a carbonat. 

In the first case the aflinity is opposed by the co- 
hesion, and combination does not take place unless that 
force can be overcome. Hence the reason that combi- 
nation seldom succeeds well, unless some of the bodies 
to be combined be fluid, or be assisted by heat, which 
has the property of diminishing the force of cohesion. 


Indeed there are not wanting numerous instances of 


solid bodies combining together without the assistance 
of heat ; but they are always bodies which have the pro- 
perty of becoming liquid in the act of combination. 
Thus common salt and snow, muriat of lime and snow, 
&e. combine rapidly when mixed, and are converted 
into liquids. 

It is to the force of cohesion that the Sidiculae of aig: 
solving the diamond, the sapphyr, and many other na- 
tural bodies is to be ascribed, though composed of in- 
gredients very readily acted on by solvents when their 
cohesive force is sufficiently diminished. If pure alu- 
mina be formed into a paste, and heated sufliciently, it 
becomes so hard that no acid can act upon it; yet its 
nature is not in the least changed: by proper trituration 
it may be again rendered soluble; and when precipitated | 
from this new solution it has recovered all its original 
properties. ‘The effect of the fire, then, was merely to 
increase the cohesion, by separating all the water, and © 
allowing the \particles to approach nearer each other. . 

3. Even when the cohesive force of the particles to 
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be combined is not very great, it may-be still sufficient 


to prevent combination from taking place, provided the 


_ other body can only approach it in a very small mass. 


Hence the reason that carbonic acid gas, and other elastic 
fluids, have scarcely any action on the greater number 
of bodies, though they combine with them readily when 
the force of cohesion presents no opposition. Thus the 
oxygen of the atmosphere does not combine with sul- 
phur in its natural state, though it unites with it readily 
when the sulphur is combined with hydrogen and 
potass, bodies which diminish its cohesion very consi, 
derably, or when it is converted into its integrant par- 
ticles by the action of heat. : 

4. In the second case, or when the body presented to 
be combined with another is already in combination 
with some other body, it does not altogether leave the 
old body and combine with the new, but it is divided 
between them in proportion to the mass and the affinity 
of these bodies. ‘Thus when lime, already in com- 
bination with phosphoric acid, is presented to sulphuric 
acid, it does not altogether leave the phosphoric to com- 
bine with the sulphuric acid, but it divides itself be- 
tween these two acids, part combining with the one 


’ 
‘Or previ- 
ously come . 


bined; 


And then 
they are 
parted be- © 
tween the » 
two acting 
bodies, 


and part with the other, according’ to the respective | 


quantities of each of these acids, and the strength of 
their affinity for the lime. This important point has 


been lately put in a very clear light by Mr Berthollet, 


Chemists had formerly in a great measure overlooked 
the modification produced on the action of heterogeneous 


bodies on each other by the different proportions of 


each; supposing that in all cases a substance A, which 
has a stronger affinity for C than B has, is capable of 
taking C altogether from B, provided it be added in 


Bodies act 
' in propote 
tion to 

their mace, 
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sufficient quantity, how great soever the proportion of. 


B exceeds that of A. Several exceptions, indeed, had 
been pointed out to this general law. Thus Cavendish 
ascertained, that lime-water is incapable of depriving 
air completely of carbonic acid. But Berthollet has de- 
monstrated, that this pretended law never holds; that 


‘no substance whatever is capable of depriving another 


of the whole of a third, with which it is combined, ex- 
cept in particular circumstances, however strong its 
affinity for that third may be, and in how great/a_ pro- 
portion soeyer it be added. ‘hus no proportion of lime 
whatever is capable of depriving the carbonat of potass 
of the whole of its acid. Neither does sulphuric acid 


decompose phosphat of lime completely, nor ammonia 


sulphat of alumina, nor potass sulphat of magnesia. 
In short, it may be considered as a general law in 
chemistry, that the smaller the proportion of a body in 
combination with a given quantity of another body is, 
with the greater energy is it retained; so that at last 
the force of its affinity becomes strongef than any direct 
force that can be applied to separate it. Hence the im- 
possibility of depriving sulphuric acid and several other 
bodies completely of water. | 
_ Berthollet has shown also, that every body, how 
weak soever its affinity for another may be, is capable 
of abstracting part of that other from a third, how 
strong soever the affinity of that third is, provided it be 
applied in sufficient quantity. ‘Thus potass is capable 
of abstracting part of the acid from sulphat of barytes, 


from oxalat of lime, phosphat of lime, and carbonat of 


lime : soda and lime abstract part of the acid from sul- 


phat of potass, and nitric acid abstracts part of the base - 


from oxalat of lime. Hence it follows that substances 
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are capable of decomposing each other reciprocally, pro- 
vided they be added respectively in the proper quantity. 
Indeed this was known formerly to be the case, though 
it had not been considered as a general Jaw till Berthol- 
let drew the attention of chemists to it. Sulphuric acid 
decomposes -nitrat of potass altogether bythe assistance 
of heat. ‘The nitric acid is driven off, and there remains 
behind sulphat of potass with an excess of acid. On 
the other hand, if nitric acid be poured into sulphat of 
’ potass in sufficient quantity, it takes a part of the base 
from the sulphuric acid. In the same manner phospho- 
ric acid decomposes muriat of lead, and muriatic acid 
on the other hand decomposes phosphat of lead. 
This reciprocal decomposition follows as a conse- 
quence from the nature of affinity. For if the-affinity 
_ of one particle for another be an absolute force (sup- 
posing the distance, figure, and density constant), it cer- 
tainly ought to follow that this force must be increased 
by the number of the attracting particles. If a particle 
A attract a particle B with a force = x, two particles A 
concurring together ought certainly to attract with a 
force = 2.4, or-at least with a force = y =x. Hence 
we see that the aggregate force of attraction ought to 
increase with the aggregate number of particles. 
But this increase is not sufficient to explain the cause 
- of decomposition. For undoubtedly, how much soever 
we suppose the attraction of a body A for another body 
_. C, to exceed the attraction of B already in combination 
with C, the addition of A, in how large a quantity so- 


of B with C, unless some other cause intervene. The 
a attraction between B and C cannot :be annihilated, 
though it may be considerably diminished ; it must 


ever, cannot be conceived to destroy the combination’ 
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Book Il. therefore be sufficient to keep the two bodies still uni-, 


ted, notwithstanding the presence of A. A, no doubt, 
will also combine with C; the consequence of which 
would be a new compound, into which all the three 
bodies equally enter. ‘This, indeed, must always happen 
when different bodies are mixed together, whatever theit 
affinities for each other may be, unless some force or 
other intervene to determine the exclusion of some 
particular bodies. ‘Thus, if the particles A and C, 
(supposing them numerous) have not only a strong af- 
finity for each other, but also a strong force of cohesion, 
which leads the combined particles A + C to unite to- 
gether and to form masses of sensible magnitude, the 
particles B may be excluded from these masses either 
totally or partially, according to their nature, while 
the masses themselves, becoming too heavy to remain 
suspended in a fluid, precipitate to the bottom. Hence 
the reason that barytes precipitates sulphuric acid com- 
pletely from most of its combinations, and that muriatic 
acid has the same effect upon silver. Again, if the 
particles B are elastic, the addition of A, by weakening 
the force by which they are retained, conspires with 
this elasticity ; the consequence of which may be, that B 
may fly off altogether, and Jeave A and C in combination. 
Hence the reason that sulphuric acid separates carbonic 
acid from all its combinations. | | 

The presence of an elastic body, like carbonic acid, 
constitutes an exception to the general rule, that, other 
things being equal, the affinities of bodies are as their 
masses: for the elastic body making its escape con 
stantly as it is disengaged, cannot possibly act by its 
mass. 


The presence of an absolutely insoluble body, if 
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there be any such, must constitute an exception to both 
the general rules of Berthollet: For the addition of a 
body A, which forms an insoluble compound with C, 


may decompose completely the compound B+-C. A 


_and B combining, and forming an insoluble aggregate, 
must precipitate completely to the bottom. ‘Hence ba» 
rytes leaves no sensible quantity of sulphuric acid when 
dropt into a solution containing that acid; and muriatie 
acid in the same circumstances leaves no sensible quan- 
tity of silver. In this case, too, the body A must act 
independently of its mass ; because separating almost 
instantaneously from the solution, the mass of B, howe | 
ever great, cannot oppose its action, 

These remarks are sufficient to give us some notion 
of the manner in which bodies combine together. Let 
us now consider the proportions in which they are ca- 
pable of combining. 


SECT. II. 


OF SATURATION, 


Tue word SATURATION, like most other technical 
terms introduced into chemistry before the science had 
acquired much precision, has been used with a great 
deal of latitude, being sometimes taken in one sense and 
sometimes in another. But in order to be understood, 


it is necessary to use the word with some degree of pre- 


4 cision: for that reason I shall, in this Section, confine 
“it to that particular sense which seems best adapted 


. to it, 


— 
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t. 1f we make the attempt, we shall find that water 


will not dissolve any quantity of salt that we please, 
At the temperature of 60°, it dissolves only 0.354 parts 
of its weight of salt; and if more salt than this be add- 


ed, it remains in the water undissolved. When water 
i‘ a 


has dissolved as much salt as possible, it is said to be 
saturated with salt. This sense is at least analogous to 
the original meaning of the word, and is that to which 
I mean to restrict it in this Section. Whenever, then, 
a substance A refuses to combine with an additional 


_quantity of another body B, we may say that. it is sa- 


turated with B. The cause of this refusal of the water 
to dissolve any more salt has been indicated in the pre- 
ceding Chapter. It takes place whenever the affinity 
of the water and salt is. balanced by the cohesion of the 
particles of the salt, and therefore indicates that these 
two forces are equal. 

In the same manner water, after having absorbed 2 
certain quantity of carbonic acid gas, refuses to absorb 
any mote. We may indeed pass carbonic acid gas thro” 
water in this state, but it makes its escape unaltered. 
Water which refuses to absorb earbonic acid gas is sa 
turated with that acid. . This saturation takes place 
when the affinity between the gas and the water is ba- 
_lanced by the elasticity of the gas, and indicates cf eourse 
that these two forces are equal. 

In these two instances the saturation is occasioned by 
opposite causes. . Lhe salt refuses to dissolve in the 
water when the cohesion of its particles equals its affi- 


nity for the water; the carbonic acid gas, when the re- - 


pulsion of its particles equals its affinity for water. In 
the first case, it is the attractive force of cohesion which 


opposes farther solution ; in the second case, itis the 
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tepulsive force of elasticity. Hence the different me- 
thods which must be followed to diminish these forces, 
_ and enable the water to dissolve a greater proportion of 


of cohesion, enables water to dissolve a greater propor- 
tion of saline bodies. Accordingly we find that in most 


. Common salt is almost the only exception to this gene- 
rallaw. On the other hand, cold, by diminishing the 
elasticity, or at least the expansibility of gaseous bodies, 
enables water to dissolve a greater proffortion of them. 
Thus the colder the water. is, the greater a proportion 

f carbonic acid is it capable of dissolving. The free- 
zing point me water limits this increase of solubility, 
because ay that point the cohesive force of the parti- 

eles of water becomes so great as to eausé them to co- 
ei here, to the exclusion of those bodies with which they 
_ were formerly combined. Hencé the reason that most 

_ bodies separate from water when it freezes. But they 

; generally retard the freezing considerably, by opposing 

with all the strength of their affinity the cohesion of 

the water. ‘The consequence is, that the fr eezing point 


_ of water, when it holds bodies in solution, is lower than } 


the freezing point of pure water. A table of the freezing 
points of different saline solutions would be a pretty 
- accurate indication of the affinity of the different salts 
_ for water: forsthe affinity of each salt is of course pro+ 
- portional to the opin of cold at ae it separates 


Bi In this sense of the word saturation, which is certain- 
ty the only one that it ought to bear, it may be said 
ee propriety that there are certain bodies which can- 
_ Vou, IIT. N ai 


_ these respective bodies. Heat, by diminishing the force 


eases hot water dissolves ‘more salt than cold water. 
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not be saturated by others. Thus water is capable of 
combining with any quantity whatever of sulphuric a- 
cid, nitric acid, and alcohol ; and all bodies seem capable 
of combining with almost any quantity whatever of ca- 
loric. Several of the metals, too, are capable of com« 
bining with any quantity whatever of some other me- 
tals. In general, it may be said that those bodies called 
solvents are capable of combining in any quantity with 
the substances which they hold in solution. Thus wa- 
ter may be added in any quantity, however great, to 
the acids, and to the greater number of are 
2. If we take a given quantity of sulphug ‘ic perid 
luted with water, _and add to it slowly hea 


soda by little at a time, and examine the mixture seis 
every addition, we shall find that for a corisiderable time 
it will exhibit the properties of an acid. reddening ve- 
getable blues, and having a taste perceptibly sour: but 
these acid properties gradually diminish after every ad- 
dition of the alkaline solution, and at last disappear al< 
together. If we still continue to add the soda, the mix- . 
ture gradually acquires alkaline properties, cor erting 


vegetable blues to green, and manifesting .an urinous 
taste. These propertics become stronger and stronger 
the greater the quantity of the soda is which is. added. 
Thus it appears that when sulphuric acid and soda are — 
mixed together, the properties either of the one or the 
other preponderate according to the proportions of each ; 
but that there are certain proportions, according tora 
which, when they are combined, they mutually destroy 
or dis guise the properties of each other, so that neither a 
predominates, or rather so that both disappear. - 
When substances thus mutually disguise each others 
properties, they are said to meutralize one another. 


| SATURATION. 


This property is common to a great number of bodies ; 
but it manifests itself most strongly, and-was first ob- 
served, in the acids, alkalies, and eatths. Hence’the 
salts which are combinations of these different bodies 
received long ago the name of zeutral salts. When 
bodies are combined in the proportion which produces 
neutralization, they are often said to be saturated; but 
in this case the term is used improperly. It would be 
much better to confine the word saturation to the mean- 
ing assigned to it in the beginning of this Section, and 
to employ the term neutralization to denote the state in 
the, peculiar properties of the component parts 
utually disappear; for very frequently neutralization 
and saturation by no means coincide. Thus in tartrite 
of potass the acid and alkali neutralize each other ; yet 
it bw y be said that the potass is saturated ; ksh it is 


still capable of combining with more tartarous acid, and 


of forming super-tartrite of potass, a compound .in 
which the ingredients do not neutralize each other; for 
the salt has manifestly a preponderance of the <Lhe aa 
ties oe the acid. 

When two substances neutralize each ee ‘it He not 
easy to avoid supposing that they are either combined 
particle to particle, or nearly so. They must at least 
be combined in such a manner, that the patticles of each 
are distributed everywhere in such equal proportions, 
that an equal number of both is applied to all bodies in 
which the compound acts ; or rather such'a number of 


each, that its action upon all bodies is exactly equal to 
_ the effect of the other. The consequence of this must 
be, that both of them will act at the same time with 


equal energy upon every body which is exposed to their 
action. Hence, as far as their actions are opposite, they 
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will mutually destroy each other ; and, as far as they 


are not exactly opposite, they will produce a compound 
effect different from what would be produced by either 


singly ; just as the mixture of two rays of light produ- 
ces a colour different from the colour produced by each 
separately. | nia 

When bodies neutralize each other, they must be 


considered as in the most perfect state of combination 
| ~ ‘ 


‘possible, as they exactly balance each other. ‘Conse- 


quently if a body A neutralizes a body B, the two are 


united in such proportions that the absolute force of the — 


affinity of A for B is equal to.that of B for A. 

3. A question still remains to be resolved concerning 
the proportion in which bodies combine, which is at- 
tended with very considerable difficulty : Are bodies 
capable of combining with each other indefinitely, ot 


do they only combine with each: other in certain deter-_ 


minate proportions? The observations already made 
may seem to decide in favour of the first of these sup- 
positions; but let us consider the subject a little more 
precisely. - 

Let us suppose two bodies, a and be to have an afli- 
nity for each other. Let us take one particle of a and 


combine it with as many par ticles of 6 as can approach 
within a’s sphere of affinity. It is clear that in this 


case a is absolutely satu rated with 4, and cannot 


' sibly combine with any more particles of that body. 


Let us call the new compound a+ x If the parti- 


cles of & have a cohesive force, it is very p possible that 
they may combine indefinitely with the compound 
a-+-x«b; but this combination cannot with propriety 
be considered as the union of more particles of b with 


a; it would have taken place if a had not.been present 


* | SATURATION. 


at all, and must be ascribed entirely to the cohesion of 
the particles of 3. Now if, instead of one particle of a, 
We suppose two or a thousand, the case will remain the 
same. Each particle may combine with as many par- 
ticles of 5 as can come within the sphere of its attrac- 
tion ; but all. additions of 8 beyond that must be ascri-« 


bed entirely to the cohesion of the particles of 6.. Thus, 


if a@ remains constant, we see that it can only combine 
with a finite portion of 4; consequently in those cases 
where saturation is impossible, the new doses of the 


solvent must be considered as combining merely with 


eee solvent, and not with the body held in solution. 
The same observation holds, if we suppose & con- 
stant and @ variable. Indeed if we were to consider 
the reciprocal attractions of the partic of both bodies, 
and the eepnerce of attraction which surround every par- 
ticle, it would be an extremely difficult matter to form 
any adequate notion of the manner in which they com- 
bine and act upon each other. — But it is easy to see in 
general, that if the particles of a body @ remain con- 
stant, they can only combine with a limited number of 
particles of another body 4, becanse only a limited 
number can come within the spheres of their attrac- 
tion. 


Thus we see, that, strictly seein » a given body a 


- eannot combine with a body 4 beyond a certain propor- 


tion. But is there a limit on the other side? Can @ 
combine with any quantity of 4, however small. ‘pro. 
vided it be within the maximum ? or is it necessary that, 


before any combination can take place, a certain defi- 


nite proportion of 4 must be present? What is the 
‘Minimum of J that can combine with a oe portion 
| of a? 
N 3 
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It is evident that if a has an affinity for 4, one par- 
ticle of each must be capable of combining together; at 
least nothing can be conceived to hinder them, But this — 
does not answer the question; for we must suppose a 
considerable number ‘of particles of a present. Let us 
then make « a = number of particles of a, which can 
approach within the sphere of attraction of a particle of , 
and y x a= quantity of a present; it is evident from what 
has been said before, that y 4 is the minimum which is 
capable of combining with yx a. If less be added, part 
of a will remain combined only by cohesion. If this co- 
hesion does not exist, then it is impossible that @ and bo 
can remain in combination in any proportion less than 
ya and y db. Accordingly in water, where the com- 
ponent parts are elastic fluids, we find them always 
united in one determinate proportion. In this com- 
pound the maximum and minimum coincide apparently ; 
We are not yet far enough advanced in our notions of _ 
affinity to say why. And in the metallic oxides, where 
one of the component parts is an elastic fluid, the mi- 
nimum as well as the. maximum consists of a precise 


‘proportion of oxygen. 


Thus it appears, that in all combinations there are 
two precise limits, a minimum and a maximum, be- 
yond which the component parts can never pass. It re- 
mains still for us to cons'der whether they can combi e 
in any proportion within these limits. For instance, if 
the minimum of oxygen capable of combining with 
iron be 0.25, and the maximum 0.48, the question to 
be decided is, Can iron combine with any proportion 
whatever of oxygen between 0.25 and 0.48? or can it 
only combine with: ange determinate erty 
auen a8 0.30 OF 0.40 : 
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When we consider the matter. abstractedly, we can 
perceive nothing to prevent this combination of bodies 
in any Proportion whatever within the limits of their 
maxima and minima}, though it must be acknowledged 
that it would be exceedingly difficult to form any ade- 

quate notion of the manner in which they are combined 
in these. circumstances, This indefinite combination 
seems formerly to have been considered as an axiom by 
chemists. It was abandoned, perhaps with too, much 
i facility, in consequence, chiefly, of the experiments of 
Lavoisier ; but the opinion has lately been revived again, 
_and supported with much ingenuity by Berthollet.. Let 
‘us consult experience, which is alone capable of deciding 
the point: for our notions of affinity are still too im- 
perfect and confused to warrant bi deductions from 
abstract reasoning. Mee : 
Now, as far as experience has gone, substances, if 
' we attend only to the proportions in which they com- 
bine with each other, may be arranged under. four 
classes. 
r. Some seem to combine in any proportion what- 
ever between the maxima and minima. 
2. Some combine only in certain determinate Phos. 
tions between the maxima and minima, 
3- Some combine only in the proportions which con- 
‘hoon the maxima and minima. 


. 4. In some the maximum and minimum coincide, - 


’ 80 st they are capable of combining only in one de- 
terminate proportion. Let us panaiden each of these 
classes a little. it 4 

a The jirst class, strictly Desi ie scarcely saludhe 
any bodies except those which are incapable of satura. 


tion, and which therefore have a minimum 1 but no Vi- 
N 4 


L 
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sible maximum. Thus water is capable of combining 


with common salt in any proportion whatever beyond 
the minimum capable of holding the salt in solution. It | 


holds also with all substances which are in solution, and 
which remain in solution, both at the maximum and 
minimum of combination. Thus the acids are capable 
of combining with alkalies, and with those earths which 
form soluble salts in any proportion below saturation. 

To the second class belong almost all combinations of 
oxygen with other bodies. Thus all the simple com- 
bustibles except hydrogen are always found combined 


with oxygen in certain determinate proportions, and 


can only be combined artificially in these proportions, 


Thus we have / iy. 
- | +) ¢ Oxide of sulphur, > 
1. Sulphur 2 Sulphurous acid, 


Sulphuric acid. 
Oxide of phosphorus, 
2. Phosphorus 2 Phosphorous acid, 
oe CPhosphoric acid. 
? Charcoal, : 
3. Carbon Oxide of carbon, 
Carbonic acid. 
Air, 
i, ine Wed site Oxide of azot, ie: 
Nitrous gas, us ay 
. Nitric acid. } 
With respect to the metallic oxides, our knowledge is 
not sufficiently precise to be able to decide with confi- 
dence. Several of them, as those of lead, seem to be- — 


long to the first class ; but others, as those of mercury, _ 


belong pretty evidently to the second. 
To the third class belong several of the metallic 


| SATURATION. 


cision, as those of iron, tin, copper, arsenic. In some of 


_ them, the capacity of only combining in the maximum 


= 


ee 


and minimum proportion is exceedingly well marked. 


“Thus the red oxide of iron is converted by heat and by 


sulphurated hydrogen gas to the black oxide: if the 


black oxide of copper and metallic copper be mixed to- _ 


gether in equal quantities in muriatic acid, the oxygen 
does ‘not divide itself among the whole of the copper ; 
such a portion of the metal only is oxidated as with the 
oxygen is capable of forming orange oxide, and the rest 
of the copper remains unaltered. If copper-filings be 
confined with muriatic acid in a phial half full and close 
corked, the acid at first acquires a deep. green colour, 


_and of course has combined with a portion of the copper, 


which must previously have been idterted’ into black 
oxide; but in a few days it becomes quite colourless. 
The black oxide is gradually decomposed, more copper is 
dissolved, and acid is found combined, not with the black 
but with the orange oxide. Here the process stops, un- 
less we uncork the phial for a few minutes. If that be 
done, the solution becomes again green, and gtidgaily 


loses its colour as before. If the phial be opened under 


water, a quantity of that liquid rushes in; a plain proof 


that part of the air of the phial has disappeared : and if 


we € examine that air, we find it deprived altogether of 


its oxygen. ‘he nature of the process then is evident : 


the copper is supplied with oxygen from the air in the 
vessel. It at first combines with it in that proportion 
only which constitutes black oxide; afterwards this black 


oxide, or rather Oxy-muriat, combines with the precise 


portion, of copper necessary to convert it to orange 
oxide or muriat. If air be again presented, the muriat 
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combines with the precise proportion of oxygen which — 7 
is necessary to convert it into muriat, and so on. 

To the fourth class belongs water, which cannot by 
any method known be combined in any other propor- 
tion than 0.85 oxygen and 0.15 hydrogen. Ammonia 
also belongs to the same class, for it is equally constant 
in its proportions. It is remarkable that both the i 
component parts of these two bodies are elastic fluids. 
This elasticity is doubtless the cause of the constancy 
of the proportions ; for it is obvious that there can be~ 
only one proportion capable of holding the elasticity of 
the two component parts in due balance; and if the 


‘ 


elasticity of’either prevail, the combination cannot take 
- place at all. Substances which are absolutely insoli- 


ble, or nearly SO, when combined in certain proportions, 
may also be c nsidered as belonging to the same class, 
unless the addition of either of the ingredients renders q 
them soluble.’ Hence the reason of the constancy of 
the proportions of sulphat of barytes, oxalat of lime, K 
phosphat of lime, fluat of lime, &c. ‘s | 
All compounds belonging to the second and third 
class have an elastic fluid for one of their ingredients, 
and those of the third class only manifest their peculiar 
. 


constitution when they are in combination with some 


other substance. ‘These observations are sufficient to 
show that the refusal of bodies to combine, except in 
their maximum or minimum proportion, or in certain 


determinate proportions between these two, is owing 
always, not to the nature of affinity, but to certain pe- _ 4 
culiarities in their constitution ; and that when these 
peculiarities are not present, these determinate propor- 
tions are not observed. But this peculiarit onsti- 
tution deserves the highest attention, as we are indebt- oe 
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combinations, and for the permanency of natural bo- 
dies in the state in which they haye originally combi- 

P ned. a : 
Having thus examined the proportions in which bo- 

dies are capable cf combining, let us now consider the 
varieties in the force with which they combine, and the 
attempts which have been made to measure arsine. va- 


rleties, ‘’ 


ie SECT. iawn 


OF THE STRENGTH OF Ate reoger i 


Since the affinity of almost every two bodies for each Importance 


other differs 7” strength from that between every other ° 


two, it becomes an important problem to determine the 
strength of every affinity in numbers. The solution of 
this problem would give a clearness and precision to 
chemistry equal to that of any other branch of natural 
philosophy whatever, and enable it to advance with “a 
: degree of rapidity hitherto thought unattainable. No 
wonder, then, that this problem has occupied the at- 
tention of some of the most eminent philosophers who 
have dedicated their time to chemistry. Let us consi- 
der the different attempts which have been made to re- 
solve it, that peel + whether any of them will an- 
a swer the end prop: sed. 
Wenzel nn that the time taken by one a S 
to dissolve another is a measure of the affinity which } b 


f the sub- 


ject. 


to 


le tion 
prop osed 
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- subsists between them. But the hypothesis of that ine 
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genious philosopher will not bear the test of examina- 
tion ; for the éime of solution evidently depends upon 
circumstances unconnected with affinity. The cohesion 
of the body to be dissolved, and the nature of the com- 


pound formed, must occasion very great differences in 


By Four- 
croy, 


By Mac- 
quer, 


By Mor- 
veat. 


the time of solution of different bodies, even on the 
supposition that their affinities were all the same. 
Fourcroy proposed to measure the affinity of bodies 
by the difficulty of separating them after they are com- 
bined: but we have no method of measuring this dif- 
ficulty. Lavoisier and De la Place, indeed, proposed 
caloric for this purpose; but there are many com- 
pounds which caloric cannot separate, and it never pro- 
duces 2 separation except by means of its affinity for 
one or other of the ingredients of the compound. Be- 
fore caloric, therefore, could be employed as a measure, 
it would be necessary to know exactly the strength of | 
its own affinity for every other substauce ; which is 
just a case of the problem to be resolved. | 
- Macquer supposed that the affinity of bodies for one 
another was in the compound ratio of the facility of 


a 


their union, and the difficulty of their separation. But 
as we are in possession of no method of ascertaining ei- 


ther of these, it is evident that this theory, even allow- 
ing it to be just (which it certainly is not), could be 
of no use for prPutE us to calculate the force of affi- 


Sa ee aT ee 
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guished philgapeaicgs chemist Mr de Morveat * 


* 


* Now Mr Guyton. We have used the clagtens all vali the text 
to avoid ambiguity. a F 
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In 1713, Dr Brook Taylor made some experiments 
on the adhesion of surfaces ; and concluded from them, 
that the force of adhesion might be determined by the 


weight necessary to produce a separation. But in 1772, 


Messrs La Grange and Cigna, observing that the sur- 
faces of water and oil adhere together, and taking” it 
for granted that these two liquids repel each other, 
concluded, in consequence, that their adhesion was not 
owing to atraction ; and hence inferred, that adbestoa, 
in general, is always owing to the pressure of the at- 
mosphere. This conclusion induced Morveau to exa- 
mine the subject : he found, that adhesion was not af- 
fected by the pressure of the atmosphere ;. for it requi- 
red the same weight to separate a disk of glass (30 lines 
in diameter) from the surface of merc ury in the open 
air, and under an exhausted receiver.’ He observed 


that the same disk adhered to water cy force of 25% 


grains, and tothe solution of potass, though denser, 


only with a force of z1o. This result not only proved 
that adhesion was owing to attraction, but made him 


conceive the possibility of applying this method to the 
calculation of affinities: For the force of adhesion bes 


ing necessarily proportional to the points of contact, 
and this being the case also with affinity, it is evident, . 


that the adhesion and the affinity between the same sub- 


_ stances are proportional, and that therefore the know- 
ledge of the one would furnish us with the ratio of the 


other. 

Struck with this ‘aed he. constructed ' colitis of 
different metals, perfectly round, an inch in diameter 
and the same in thickness, and having a small ring in 
their upper surface, by which they might be hung ex- 


4 a a equilibrium, He suspended, these cylinders, 
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one after anothet, to the beam of a balance; and after 
counter poising them exactly, applied them to a quanti« 
ty of mercury placed about two lines below them, ma- 
king them slide along its surface, to prevent any air 


from lodging between them and the mercury. He then 


marked exactly the weight necessary to overcome their 
adhesion, taking care to change the mercury after eve- 
ty experiment. The Tasxe of the results is as fol« 
lows: Bi B: 
Gold adheres to hs with a force of 446 gr. 
SR ERG ae ements aie! deel cal ai lai WS Shek ate 
SM, Soc oldies doa 
TGHeee ree ictal’, 5 le! G/2 s stbeo S aaa 
Bisorgi si iaiples oid Wl. ee 
Platinum s 4.06. eee eee eee eee es 2828 
Zinc - Siesta ee Ae eS ele am 
Coppetign seer eee rece eee teen 142 
ANUMONY 6.0 ee ad Oe ek Ge ORG 
1 CSRS REO YOR Manet Fame ee OEE 
Cobalt......... DER VRO R OA RO ae 
~ The differences of these results cannot be owing to 
the pressure of the air, which was the same in all; nor 
do they correspond to the densities of the metals ; nor 
can they be owing to accidental differences in the po- 
lish of the cylinders, for a plate of rough iron adheres 
more stronely to mercury than one of the same diame- 
ter exquisitely polished; but they follow precisely the 
order of affinity, and therefore may be considered as the — 
measure of the strength of the affinity between these 


different metals and mercury. They furnish us also 


with a convincing proof that finity is attraction, and _ 


* Morveau,, € Chimo&kv. 10, ' 
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_ the same species of attraction with adbesion ; ; and that 


_ therefore, if the one be reducible to gravitation, so must 
the other. Wey) 


Mr Achard, convinced of the importance of Mr Mora 
veau’s observations, made a great many experiments on _ 
‘adbeston, and-published the result-of them in 1480. He 


proved that the force of adhesion is not affected by 
alterations in the height of the barometer, but that its 
force becomes weaker as the heat of the fluid increased *; 


and that the temperature remaining the same, the force _ 


ify 
of adhesion i increases in the same ratio. with the surfa- 


‘ces of the adhering bodies. He made about 600 expe- 


timents on the adhesion of different solids and fluids ; 
proved that the force of adhesion did not depend on the 
densities of the adhering bodies, nor oe the different co- 
hesive force of the fluids; and, after ra laborious caicu- 
lation, concluded, that it depended on cig of the 
particles ofthe adhering fluid and solid. 

This method of measuring the force of atiuities seems 
to be an accurate one, and if it could be applied to eve- 
ry case of affinity, would, in all probability, enable us 
to, solve the problem which we are now considering: 
But unfortunately its application is very limited, being 
confined to those cases alone in which one of the bodies 
can be presented in a fluid and the other ina solid state. 


Nor can it be applied indiscriminately to all those cases; 
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for whenever the cohesion of any liquid is much infe« — 


rior to the force of its adhesion to any solid, the sepa- 
ration takes place in the particles of the liquid itself, 


and consequently -we do not obtain the measure of ‘its 


* Strictly speaking, this is owing\not so much to a yeu of the 


% as of adhesion, as that of the cohesion of the fluid itself, 
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ae 
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adhesion to the’solid, but of its own cohesion, and that 


that sealing-wax adhered to water with a.force of 92 
grains, anc to alcohol only with a force of 53aths; yet 
we know that sealing-wax has a greater affinity for al- 
cohol than for water: because alcohol dissolves it, which 
water is incapable of doing. The difference in the re- 
sult in this instance was evidently owing to the smaller 
cohesion of alcohol. Mr Morveau’s method must there- 
fore be confined to those cases in which the cohesion of 


the liquid is stronger than its adhesion to the solid, 


which may be Known by the surface of the solid not 


being moistened, and to those in which the cohesion is. 


not much inferior to the adhesion; for then it is eyi- 
dent that the force of cohesion will be increased as the 
force of adhesion. Let us suppose, for instance, that 
two solids, A and B, are made to adhere to the surface 
of a liquid, and that A can only form an adfesion with 
50 particles of the liquid, whilst B adheres to 100; it 
is evident that 2 much smaller force will destroy the 
cohesion of the 50 particles to which A adheres with 
the rest of the liquid, than what will be required to 
destroy the cohesion of the 100 ee united to B 
with the same liquid *. 

The method of Mr Morveau, hi, may be ee Hie, 
with accuracy in both cases; and when they occur can 
only be determined by experiment. It cannot, how-~ 


ever, be applied indiscriminately even then ; for unless 


the solid and the fluid be presented in such a statesthat 
no gas is extricated when the adhesion- takes place, an 


accurate judgment cannot be formed of the force of ad~ * r, 


¥ Morveau, Encye. Method. Chim. att. Adbesion» aa 
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 hesion. When marble (carbonat of lime), for oe ae 


is applied to the surface of sulphuric acid, there is an 


extrication of gas, which very soon destroys the adhe- 


sion, and prevents. an accurate result. Were it pos- 
sible to employ quicklime instead of marble, this would 


be prevented ; or if this cannot be accomplished; why. 


might not lime be employed, united with some acid that 
would not assume a gaseous form, and at the same time 


has a weaker affinity than sulphuric acid for lime? W hy 


might not the phosphat of lime, fordnstance, be used, 


, which may be reduced to a state of hardness sufficiently 


great for the purpose? The extricatiofiWof gas, during 


_ the application of metals to the surfaces of acids, might 


be prevented by oxidating their surfaces. It is true, | 


| indeed, this could not be done with all the metals, on 


account of the nature of the oxide, but it might with 
several ; copper, for instance, and silver. It cannot be- 
doubted, that by these methods, and other contrivances 
that might be fallen upon, a sufficient number of results 
might be obtained to render this method of the greatest 
importance. It is rather surprising, therefore, that it 
has never been prosecuted. 
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the problem. While he was engaged in his experiments - 


on the strength of acids, he observed that the quantity _ 


- of real acid necessary to saturate a given | quantity of: : 


each of the bases was inversely as the aflinity between 


the respective bases and the acid; and that the quan 
er af each of the bases aig to saturate a given 


. “base and the acid. Thus 100 grains of each of the 
4 acids require more alkali for saturation than lime, and 
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ere, more lime than magnesia, as may be seen in the follow~ : 


ing TABLE: 


100 Grains of Potass. Soda. Lime. Amm. Mag. Alum. 
Sulphuric acid 215 165 «10 90 oe BOs V2IS 
Nitric acid 21 6nd 165 20 wt, OOWx 48 7G ihe SRS 
Muriatic acid. 215 . 158 © 89. .979.° 491 Ja Si 


He concluded, therefore, that the affinity between 
acids and their bases may be estimated by the quantity 
of bases necessary for saturation. Thus the affinity be- 
tween potass and sulphuric acid is 215, and that be- 
tween nitric acid and lime 96*. | 

Bergman long ago established as a principle, under _ 
the name of a chemical paradox, that the stronger any 
salt was, the less of any other it required for saturation. 
Thus, according to him, 

100 parts of potass require 78. “5 Sulphuric acid 
64 Nitric 
ne 51.5 Muriatic 
42 Carbonic 
100 cig of soda......179 Sulphuric 
(135.5 Nitric 
125 Muriatic 
80 Carbonic 

This proposition, which has been admirably illustra- 
ted by Morveau +, evidently pees itself into the two 
following : 

1. A base requires the more of an acid for saturation 
the stronger its affinity for that acid 1 is. 


* Phil. Trans. 1783. 
+ Encyc. Method. Chim. 1.597. 


AFFINITY: 
2. An acid requires the more of any base for satura- 
tion the greater affinity it has for that base.: 
This axiom of Bergman coincides exactly with the 
observations of Mr Kirwan ; but as it ismerely empy- 
‘rical, and as it is often contradicted by the latest expe- 
riments on the analysis of salts published by Kirwan, it 


analytical methods are brought to such a degree of per- 
fection as to decide the point. 

Berthollet has lately proposed aa hex method of es- 
timating the strength of affinity, founded on the prin- 
ciples which he himself first developed. This method 
gives results which deviate if possible still more wide- 
ly from the received order of affinities than the axiom 
of Bergman and Kirwan; but as he has given sufficient 
reasons to convince us that the received order of affini- 
ties is often erroneous, it will be worth while to take 


a view of his method, in order to discover what new 


laws of the variations of affinity. | 
_ As the affinities of bodies vary with their mass, it is 
obvious that, when we consider the affinities of bodies, 


minate proportions. Now it. has been observed for- 
merly, that there are certain proportions in which bo- 
dies neutralize each other; and there is reason to bes 
heve that in these proportions the affinity exerted by 
each of the component parts is precisely of. the same 


, 
| we must suppose them always acting in certain deter- 


force. Now if we suppose that the affinity of a given 
_ mass of a given body is a constant quantity, which is at 
least highly probable ; if we suppose farther, that the 
F affinity of a body is the sum of the attractions of all its 
a Beecles, and consequently that when various bodies of 
i) O2 


will be necessary to suspend our judgment till these ~ 


By Berthol- 


let. 


light it will give us to develope the still unknown 
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Book. diferent masses exert the same e affinity, the bhentiste affi- 
Neem romana! 
- nity of each. body is inversely as its mass—we have a 


method of ascertaining the proportional affinities of va- 
rious bodies for a body A: for the affinity of each bo- # 
, dy must be inversely as the mass of each body capable 
of neutralizing a given quantity of A. Let it be sup- 
posed required to find the proportional affinity of the 
three bodies b, c. and d for A. If to neutralize a gi= Py 


_ ven weight of A=1, there be required of ‘ae 
ba weight = 1 RS 
LEBEAU 18 ee | era. 


Then the affinities of 4, c, and d for A are respectively 
as the inverse of the numbers 1, 2, and.3. ! 

Affinity of 6 = 1 or 6 Bs: 
| ao Beorg rao eh okies ae 
d=-tor2 © . a 
Such is the method pointed out by Bertholtet) 0 oriat- | 
least the method which follows as a consequence from 
his observations. Let us compare it with the late ex- 
periments of Kirwan, which may be considered as the ~ 
most accurate determinations of the proportions of acid 
and alkali which neutralize each other. These TABLES 
are the following: t 
‘They give us the affinities of the disteeent Base! for 
. sulphuric, nitric, muriatic, and carbonic acids, in the 


following order and intensity. | Riss 
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i (oy ARR 
dU, Sunpsvurre Actp. ILI. Murratic Acip. 
‘Intensity. > Mery bl) Intensity, 
+ © Ammonia. ./././383 Ammonia... . 272 
Magnesia .. 2. 17t Magnesia... «5/112. 
biime’ ios. ails ahd £43 aime BY > i hide 
Soda oe @ oe 124 Soda Vine ees LOTS 
Potass ° e bila e e 82 Potass a ° | ee OPS 2 56 
Strontian::.! 0%. ~!) 72 Strontian .. 2. 46 
f Barytes e 8 » & 5 590 Barytes ofe © ee 31 
ia II. Nitric Acip. = ~—=-1V. Carsonrc Acip. 
; : Ti Intensity.) Stieay * Intensity. 
 WAmmoniasiss 2245 Ammonia...» 1 


Magnesia ~e+3 209 Maghesia.... 200 
Be earoe dione 28 Sry i? eo Tame! orcins Wo hi BY. 
De meade: ye E3.P ZG os His HOde a9; See 4 sei 


AY * 
Pe WR etassir evade. wis 85 Potass w 63. 2 6 105 
-Strontian 2... 85 Strontian:. 6... 43 


Barytes 20.) fon) 56% do Barytes.. 6 ges) 128 
_- The order and intensity of these four acids for the 
_ same bases may be seen from the following TasLe :. 
pri Potass. Soda) Amm. Baryt. Stront. Line, Magn. 
4 Muriation77: 0136.58 314% 216° x18... BO 
 Sulphuricr2r 78) 26 200° 13% 69.54 
) Nitric: Sra pe pz tego. 298 106) go bsg 
Carbonic 95 149 Hie gyi k aga Gaba dad 


” In these Tables we see that the affinities follow the 
game order, except in the case of carbonic acid, from 
the nature of which it is not so easy to determine in 
what proportion it combines with the various bases as 
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In the first set of tables, we see that the bases follow 
precisely the inverse order of what is commonly sup- 


posed to be their affinities, and which have been given 


from Bergman in the preceding part of this Work. 
Ammonia has the strongest affinity for the acids, and 


barytes the weakest. This is contrary-to the order in 


which these substances decompose, or rather precipitate 
each other. Consequently if it be the real order of the 
affinities of the bases for the acids, decomposition must 
be determined by something else than the force of af. 
finity. ) clits, 

If we consider the matter with attention, it will’ not 
be difficult to see the reason why the order of affinity 
and of decomposition is different: Ammonia is an elas- 
tic fluid, of course it makes its escape as soon as it is 
disengaged ; and its elasticity conspires to render its dis~ 
engagement more easy.. Hence any .substance, how 
weak soever its affinity is, may be capable of disenga- 
ging it from its combination, provided it be added in 
sufficient quantity and the decomposition be assisted by 


heat. The disengagement of ammonia then by the other. | 


them. Bin? 
Magnesia forms with sulphuric acid a very soluble 
compound; hence the reason that sulphuric acid is se~ 


parated from it by barytes, strontian, lime, and potass. 
These bodies form salts scarcely soluble, and therefore 


the attraction of cohesion enables them to abstract the 
acid, notwithstanding the inferiority of their affinity. 
Magnesia, too, has a strong tendency to cohere together 


in visible masses. This cohesive tendency is sufficient to’ 


\ 


enable soda to displace it from sulphuric acid. 
This tendency to cohesion may be the reason why 


AFFINITY. 


lime is precipitated from its solution in acids in several 
instances by potass and soda. The superiority of potass 
over soda has been determined merely on account of 
the greater insolubility of most of the salts of potass. 
: The same thing has oceasioney the supposed superiority 
; of barytes over strontian 

| But it would be red ik to examine all the different 


on the supposition that their real affinities are as in the 


after the perusal of the next Section. 


been recognized in the metallic salts; muriatic acid 
first, then the sulphuric, and the nitric in the third 
_ place. The carbonic acid ought not to be taken into 

consideration, because the composition of the salts, into 


which it enters, must still be considered as very imper-» 


fectly determined. ‘lhe reason why muriatic acid has 
been supposed to have a weaker affinity for the alkalies 
and earths than sulphuric acid is, that its salts are much 
uble than those into which sulphuric acid en- 


Upon the whole, then, we may consider it as exceed- 
ingly probable that the real order of affinities does not 
deviate far from that given in the above ‘lables. The 
method pointed out by Berthollet, for determining the 
strength of affinities, therefore, will probably lead to 
consequences of the greatest importance. It will oblige 
chemists to attend’ more closely to the reciprocal ac- 
4 tion of bodies on each other, and the result must be 
_ the discovery of several general laws, which will greatly 


O4 


. 


salts particularly. The causes of their decomposition, even 
above Lables, will easily suggest themselves, at least 


With respect to the affinity of the acids for the re- 
spective bases, they follow the order which has long . 


215 


Chap. II. 


216 


Book IIl. 
Cecarr ponearoto 


Simple af- 
_ ‘finity. 


4 


‘ 


STRENGTH OF 


wn 


facilitate the acquisition and the advancement of the 
science. Even already some of these have been laid 
open by Berthollet, as we shall see in the next Section. 


SECT. lV. i 


OF COMPOUND AFFINITY. 


Auraoucn. every chemical combination is produced 
by the same general law, yet as their phenomena vary 
somewhat according to circumstances, affinities have, 
for the sake of greater perspicuity, been divided into 
classes. ‘These classes may be reduced to two, namely, 
simple affinity and compound affinity. 


The first class comprehends all those cases in which © 


only two bodies combine together; as, for instance, sul- 


phuric acid and. potass, oxygenyand carbon. ‘The affi- — 


nities which belong to this class are known by the name 
ub- 
ed 


with another body, the combination is still reckoned a- 


of simple or single affinities. Although one o 
stances to be combined happens to be alrea 


ease of single afinity. Thus suppose the sulphuric acid 


previously combined with magnesia, and forming with 
it the salt called sudphat of maguest, as soon as potass 
is presented, the acid leaves the. earth (which is preci- 
pitated) and unites with the alkali. Even when three 
bodies combine, it often happens that the union is pro- 
duced merely by single afinity. Thus, when some pot- 
ass is dropped into tartarous acid, part of the acid unites 
with the alkali, and forms tartrite of potass; after this 


} 
‘a | 


: 


Fy 
{ 


ay 
We 


:, 


» 


| AFFINITY. 


the remainder of the acid combines with the tartrite 
just formed, and composes a new salt known by-the 
name of super-tartrite of potass, or tartar. This is 
evidently nothing else than two instances of simple afhi- 
__~ nity immediately following each other. ban: 

| ‘When more than three bodies are mixed, decomposi- 
tions and new combinations often take place, which 


sented in a separate state. If, for instance, into a solu- 
tion of sulphat of ammonia there be poured nitric 
acid, no decomposition is produced, bécause the sul- 
phuric acid has a stronger affinity for ammonia than 
nitric acid has. But if nitrat of potass be poured in, 
, we obtain by evaporation two new, bodies, su/phat of 


sition form the second class of affinities. They were 
called by Bergman cases of double elective attraction; 
a name which is exceedingly proper when there are only 


than four, it is necessary, as Mr Morveau has observed, 
_toemploy some more comprehensive term. ‘The phrase 


comprehending under the term all cases where more 
than three bodies are present, and produce combina- 
tions which would not have been formed without their 
- yinited action. In these cases the affinity of all the va- 
rious bodies for each other acts, and the resulting com- 
\ bination has been supposed to be produced by the ac- 
“tion of those affinities which are strongest. 

The manner in which these combinations and de- 
compositions take place, was thus explained by Dr 
| Black. Let the affinity between potass and sulphuric acid 
be = 62; that between nitric acid and ammonia = 38; 


four bodies concerned. But as there are often more 


Compound 
aflinity. 


would not have been produced had the bodies been pre-- 


_ potass and uitrat of ammonia. Such cases of decompo- 


bie compound affinity niay be employed with propriety, | 


218 


} Book III. 
Rpceren pineal 


COMPOUND 


, 


_ that between the same acid and potass = 50; and that 


between the sulphuric acid and ammonia = 46. Now, 
let us suppose that all these forces are placed so as to 


draw the ends of two cylinders crossing one another, 


and fixed in the middle in this manner, 


Potass Nitric acid. ‘ 
50 
62 38 | (100 
46 | 
Sulph. acid, co Ammonia, ° 
96 | 


It is evident, that as 62 and 38 = 100 are greater than 


50-+ 46 = 96, they would overcome the other forces _ 
and shut the cylinders. Just so the affinity between 
ammonia and nitric acid, together with that between 
sulphuric acid and potass, overcomes the affinity be. 
tween ammonia and sulphuric acid, and that between 
nitric acid and potass, and produces néw combinations. 


It has been supposed that in all cases of compound. 


affinity, there are two kinds of affinities to be consi- 
dered ; 15¢, Those affinities which tend to preserve the 


s 


old compound, these Mr Kirwan has: called quiescent . 


affinities ; and those which tend to destroy pies which 
he has called dive/lent affinities. 


Thus, in the instance above given, the affinity be. 
tween ammonia and sulphuric acid, and that between © 


nitric acid and potass, are quiescent affinities, which 
endeavour to preserve the.old compound; and if they 
are strongest, it is evident that no new compound can 
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take place. On the contrary, the affinity between potass Chap. IT. 
and sulphuric acid, and that between nitric acid and 
ammonia are divellent affinities ; and as they are in this 
case strongest, they actually po age the former combi- 
nations and form new ones. 
Bergman, who published a great many cases of com- 
pound affinities, employed to explain them a method 
somewhat different from this. He would have ro 
sented the above case in the following manner ; 


Nitrat of Ammonia. 


a 


Ammonia. Nitric acid. 


Nitrat of 
" Potass, 


Sulphat of 
Ammonia. 


1 


S 


Sulph. acid. Potass. 


Sulphat of Potass. 


At the four corners of an imaginary square are placed 
the four substances, so that one acid shall be diagonally 
opposite to another. On the right and left side of the 

_ square are placed the old compounds, each on the side’ 
of its own ingredients, and above and below are placed 
the new compounds. | 

Mr Elliot improved this method of Bergman, by ad- 

' ding numbers expressive of the affinity of the various_ 
substances. These numbers were merely arbitrary, but 


4 
5 
: 
. 
’ 


chosen so as to answer all known cases of decomposi- 
+ tion. Thus it was known that muriat of barytes and 
carbonat of potass mutually decompose each other. 


rd 


aye. 
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Book I. Therefore supposing that the affinity between the ma- 
-iatic and barytes-= 36; that.between the same acid 
and potass = 32; the affinity between potass and car- 
bonic acid = 9; and that between the same acid and 


= 


barytes = 14 ;—we have the following formula of their 
decomposition : , 
Muriat of Potass. — 


r= oe a 


ein) 32 Potass # eee 

‘ 2 

Muactat of 6 Carhonat 
: 9 (45 Ase Boreas: 


Barytes, 


Barytes, 14 Carbonic 
a — acid. 
46 . 


ie 
Carbonat of Barytes. 


Another instance of decomposition by compound 


affinities. 
Sulphat of Lime. 
| Sulph. acid, 54 Lime. 
Sulphat | 3 - Nitrat 
of 46 “44 (G0. of 
Ammonia, | 1 Lime. 
Ammonia, 38 _ Nitric 
i acid. 
92 : 


Nitrat of Ammonia, 
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Such were the opinions concerning compound af- 
- finity which had been received by all philosophers, ‘in 
# consequence, chiefly, of the dissertation published on 
the subject by Bergman. But the late experiments: of 
- Berthollet have demonstrated, that these opinions were 
in many respects erroneous, and that chemists had too 
carelessly admitted the existence of these complete de- 
compositions without sufficient examination. 
z. It has been supposed that when two of those salts 
which mutually decompose each other are mixed toge- 
ther, the decomposition instantly takes place in conse- 
4 quence of the force of affinities alone, independent of 
the proportions of the ingredients. Thus when sudphat 
of potass and nitrat of time are mixed together, it was 
supposed that the sulphuric acid, if present in sufficient 
quantity, combines with the whole of the lime and dis- 
engages the nitric acid and the potass, which also com 
bine till the least abundant of the two be saturated. 
But if this were the case, some of the four ingredients 
must be left disengaged, as the proportions of the in- 
gredients of the salts formed by the four ingredients 
are not such as to saturate each other. According to 
- Mr Kirwan’s experiments, the proportions of acid and 
alkali in the four following salts are as under: 


. Acid 100 
Sulphat of pota 
/ ppt Ny Lg aie 121.48 
; Acids 0 g0ett 
Sul phat of lime 5 a a he 
- © Acid 
Nitrat of potass ; i are 
i 7 Potass 117.7 
Aci 
Nitrat of lime Mie ae 
Lime Sra 


Now let sulphat of potass and nitrat of lime be mixed 
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Book Ill. together; let the quantity of sulphat of potass be suchy b. 
' that the acid contained in it amounts to 100; and let a 
more than sufficient quantity of nitrat of lime be added; 
to saturate the sulphuric acid with lime. It is evident 
that for that purpose 70 of lime must be present; and 
the quantity of nitric acid combined with these 70 must 
be 123.8. This quantity would require for saturation 


145.7 of potass, but there are only 121.48 in the mix- 


ture ; consequently there ought to exist in the mixture, 
.after the mutual decomposition of the salts, a quantity of 
nitric acid in a state of liberty. But the fact is, that no 
such excess of acid exists in the mixture*. ‘This is a 
sufficient proof that the decomposition does not take 
place in the manner that has been supposed. It may be 
said, indeed, that the composition of these salts may 
not be sufficiently known to warrant reasoning from it; 
But be the proportion of the ingredients what it may, 
still if the decomposition were absolute, as has been 
supposed, when mixed in any proportion whatever, ex- 
cept in one, some of the ingredients ought to remain 
disengaged ; but as this does not happen either in this 
case or in any other, we have a right to conclude that 
the decomposition is not what it has been considered. 
2. When two saline solutions are mixed together, ei- 
a no apparent change takes place, or a Pree pivatan is 
formed. Let us consider each of these cases. 


When no When no precipitation takes place, the two salts no 
precipitate 
takes place 


itd com- ing of the two acids and their bases; and the degree of 
Ine. : 


doubt combine together, and form a compound consist- 


_ gaturation must be the same as before mixture, because 
the proportions and the affinities must continue the 


*® Ann. de Chim. XV. 295. 
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panie. Hence the reason that in these cases there are 
-mever any indications of any one of the ingredients he- 
ing disengaged from the others. Hence also the reason 
that when two salts are dissolved in water, they increase 
the solubility of each other. Their mutual affinity ser- 
ving as an additional counterbalance to the cohesion of 
each. Thus Vauquelin has shewn that saturated solu- 


tions of sulphat of lime, alum, and sulphat of potasy; 
are capable of dissolving a greater proportion of com- 


mon salt than pure water is *. 
3. When two salts may be mixed together without 
any precipitation taking place, it is a proof that all the 


“salts capable of being formed by the component parts 


of each are soluble. Hence the alkaline salts very rare- 
ly occasion a precipitate when mixed together, nor the 
earthy salts when the acid combined in each is such as 
to form soluble salts with all the earthy bases, as nitric 
acid, muriatic acid.. On the other hand, when a preci- 
pitate takes place, some two of the ingredients form an 
insoluble compound ; consequently we can easily deter- 
mine before-hand whether or not a precipitate will take 
place. It is from this precipitation chiefly that double 
decompositions have been determined. It is obvious 
that they are occasioned. not by the superiority of the 
affinity of the ingredients which precipitate, but by the 
strong tendency which these ingredients have to cohere 
together. The consequence of which tendency is the 
exclusion of the other component parts, and the preci- 
pitation of the masses as they form, It may be con- 
sidered, then, as a general law, that ‘“ whenever a salt 
is insoluble, the two ingredients which compose it, when« 


* Ann, de Chin. xiii. 89. 
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ever they meetin a solution, precipitate in combinas 


tion.” For this general law we are indebted. to Mr Ber~ 


thollet. | 


Thus barytes forms an nsoliitke compound eirhceats .. 
phuric acid, phosphoric acid, oxalic acid, tartarous acid, 
&c. Consequently when a salt, whose base is that 
earth, is mixed with a salt containing any of these acids, 
a precipitation takes th consisting of the barytes 
combined with the acid. Salts of lime form a precipi- — 
tate with oxalats, tartrites, citrats, phosphats, fluats, 
and sometimes with sulphats. The alkaline carbonats 


occasion a precipitate in all the earthy salts, because all 


the earthy carbonats are insoluble. Acetite of lead oc- 
casions a precipitate in sulphats, muriats, phosphats, 
mucites, &c. Nitrat of silver in the muriats. ~ But it 
would: be endless to run over all the precipitates occa- | 
sioned by the mixture of salts: every person may ascet- 
tain them merely by observing what salts are inso- 
luble. : ae 

It ought to be observed, however, that the precipi- 
tation takes place, not because the salts are insoluble in 
water, but because they are insoluble in the particular 
solution in which the precipitate appears. Now if this 


solution happens to be capable of dissolving any parti- 


cular salt, that salt will not precipitate, even though it 
be insoluble in water. —Hence the reason why precipi- 
tates so often disappear when there is present in the so- 
lution an excess of acid, of alkali, &e. 

This law has been still further generalized by Ber- 
thollet. When different salts are mixed together, they 
separate either spontaneously, or on evaporation, ac- 
cording to the order of their solubility. Those which 
are insoluble precipitate immediately on the mixture, 
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and those which are least soluble crystallize first when 
the solution is evaporated. Potass forms with sulphu- 
ric acid a salt much less soluble than sulphat of soda. 
Hence the reason why it has been supposed to have a 
stronger affinity for sulphuric acid, and by analogy for 
acids in general, than soda: For if sulphat of soda be 


mixed with the greater number of the salts of potass, 
sulphat of potass is obtained by evaporation. 


But in cases where two salts are mixed together, the 


resulting salts are much influenced by the proportions 
of the ingredients. The same salts are not obtained if 
the ingredients be mixed in one proportion that would 
be obtained if they were mixed in another proportion. 
This will appear evidently from the following expe- 
riments of Berthollet. 
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which is no less interesting to the chemical philosopher 


of the most astonishing and tremendous phenomena of 


‘the general doctrines of chemistry without examining — * 
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The mother ‘water, or the liquid which remains when : 
mixtures of salts are separated by crystallization, al- 
ways contains several salts, or rather their component 
parts, which are prevented from crystallization by their 
mutual action on each other. Hence the quantity of | 
this mother water is always the greater the more so- 
luble the salts are; that is to aby sieht less disposnias 
they have to crystallize. 


CHAP IV. 
OF REPULSION. \ 
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Iw the three preceding Chapters the properties of et att 
nity, or of the attraction which influences the particles: 
of bodies, have been examined. But besides attraction, 
matter possesses another force equally powerful, and 
equally obvious, and which acts as important a part in — 
the phenomena of nature. This force is repulsion, 


than attraction, as it is often the antagonist of affinity, 
and is the chief agent in combustion, fulmination, de- 
tonation, evaporation, and indeed inthe greater number — 


chemistry. It would be improper therefore to leave — 


the present state of our knowledge of the les of repul- : ‘ | 
sion. 


ay Da " : 
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r. That there is a force which opposes the approach Ss! pal 


; (ecco, 
__ of bodies towards each other, and which tends to sepa- Pooofs of a 


rate them farther from each other, is obvious from the eel 
slightest view of the phenomena of nature. When we 
present the north pole of a magnet A to the same pole 
of another magnet B, suspended on a pivot, and at li- 
berty to move, the magnet B recedes as the other ap- 
. proaches; and by following it with A at a proper di- 
" stance, it may be made to turn round on its pivot with 
‘considerable velocity. In this case there is evidently | 
some force which opposes the approach of the north 
poles of A and B, and which causes the moveable mag- 
net to retire before the other. There is then a repul- 
: sion between the two magnets, a repulsion which in- 
creases with the power of the magnets; and this power 
has been made so great, by a proper combination of 
magnets, that all the force of a strong man is insufficient 
to make the two north poles touch each other. The 
same repulsion is équally obvious on electrical bodies ; 
~ and indeed it is by means of it alone that the quantity of 
electricity is measured by philosophers. If two cork 
» ‘balls be suspended from a body with silk threads, so as 
_. to touch each other; if we charge the body with electri- 
city, the cork balls separate from each other, and stand 
_-atadistance proportional to the quantity of electricity 
_ with which the body is charged: the bails of course re- 
f pel each other. 
But it is not in electric and magnetic bodies only that 
"repulsion i is perceived. Newton has shewn, that it ex- 


Y an: ‘ists also between two pieces of glass. He found that 


+ wes a convex c dette was sa upon a flat Er a it re-, 
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Book IIL. distance ; nor does any force which can be applied 


-Boscovich has demonstrated, that the same epalon 


ball sets another in motion by impinging against it, an 


stance. 


NATURE OF 


c 
bring them into actual mathematical contact: a force — 4 
may indeed be applied sufficient to break the glasses in 


be 
ie] 


pieces, but it may be demonstrated that it does not di- | 
minish their distance much beyond the ,~¢5th part of © 


is an inch. ‘There is therefore a force of repulsion which 


/ 
prevents the two. glasses from touching-each other. 


exists between all hard elastic bodies. When an ivory~ 


sina Genes 


ae 


” —~ 
ie ee 


equal quantity of its own motion is lest, as is well 
known. Now Boscovich has shewn, that the ball at 
rest begins to move while the other is still at a di- © 


Thus we see that there exists a repulsion between a 
great variety of bodies; that this repulsion acts while 
they- are at a distance from each other ; that it opposes 
their approach towards each other; and that it increases 
as the distance between them diminishes. But this force 


a 2 a gta Sa Is ae aa ee aa 


not only displays itself in bodies of considerable magni- 
tude, it is exerted also by the particles of bodies. That — 
the particles of air repel each other is evident; for a. — 
considerable force is required to keep them as near each 
other as we find them at the surface of the earth ; and 4 
when this force is removed, they separate from each 
other, that is to say, the air expands. Nor is it known 
how far this expansion extends. Air has been artificially 
expanded to 3000 times its usual bulk, and doubtless at 
great heights in the atmosphere its expansion is still 
much greater than that. On the other hand, air may | 
be forcibly condensed, that is to say, its particles may 
be mad» to approach nearer each other; but a consi- 
derable force is required to produce this effect, and thig _ 


* 
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the particles again separate, and the air assumes its 
former bulk. What are the limits of this condensation 
is not known; but air has been forcibly compressed ‘to 
the 1occth part of its natural bulk. ‘Thus we:see that 


the particles of air may be made to approach sixteen 


times nearer each other. The elasticity of air, or. the 
effort which it makes when compressed to resume its 
former bulk, is evidently the consequence of a repul- 
sive force which its particles exert. All gaseous fluids 
possess the same repulsive force, and are indebted to it 
for their elasticity. 

The particles of solid elastic bodies likewise repel 
each other; for they also, when forcibly compressed, 
resume their former size, and of course their particles 
repel each other. It has been demonstrated by philo- 
sophers, that all liquids are capable of a certain degree 
of compression, and that when the compressing force 
is removed they resume their former bulk; conse- 
quently the particles of these bodies also repel each other: 


Farther, ithas been shown formerly, that the particles of 


no body whatever are in mathematical contact ; in every 
r . ° et - ° 
case there is a distance between them. Since this is the 


case, it is obvious that it 1s possible for these particles 
ry approach nearer each other. But if we make the 


attempt, we find that all bodies resist compression ; ; 
many resist it so strongly, that we can produce no sen- 


sible change in their size. Consequently there must be 


some force which opposes the particles. of all bodies ap~ 
proaching nearer each other than a certain distance ; 


_ that is to say, that the particles of all bodies at certain 


distances repel each other. 
2. All bodies then possess a repulstve force at cer- 
-P4 
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tain distances, vihich opposes the diminution of these oe 


PY 


| 4 


distances. The cause, or the nature of this force, is 


equally inscrutable with that of attraction, but its exis- 


tence is undoubted. Like attraction, it exerts itself, 


either at sensible distances or at znsensible distances 3 of 
course the repulsions may be divided into two classes. 

. 3+ Sensible repulsion may very possibly be exerted by 
two bodies placed at immense distances from each other, 


as Boscovich has s supposed, even beyond the sphere of — 


the attraction of gravitation ; but we have no proof of 


the existence of any such repulsion, unless the per- 


insensible 
repulsion, 


manency of the universe, unaltered by that gravitation 
which ought to make the different systems gradually 
approach each other be considered as a proof. The 
only sensible repulsions with which we are acquainted 
take place at much smaller distances. They may be re- 
duced to two kinds, namely, edz, ectricity and magnetism. 


It has been ascertained that bodies possessed of the same 
kind of electricity repel each other, and likewise the 


same magnetic poles of bodies repel each other; while, 
on the other hand, differently electrified bodies and the 


different poles of magnetic bodies attract each other. 


Repulsion increases, as far as has been ascertained, in- 


versely as the square of the distance ; consequent aaa 


the point of contact it is infinite. o 


4. Insensible repulsion is most conspicuous in elastic 
fluids, as air and the gases; but it is exhibited also by 
elastic bodies in general, In these, if a judgment can 
be formed from the experiments on air, the repulsion 
increases nearly at the rate of a 

a 
5. Electric and magnetic repulsion is. sippesed: to re~ 
side in a fluid, or rather in two fluids, the particles of 
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iets of Nhich repel those which are similar to ee 


selves, but attract the particles of the other fluid.  In- 


sensible repulsion is intimately connected with caloric; 


a body which has been already examined, and which 


‘seems to consist of particles that mutually repel each 


other. It is-well known that the elasticity of air and 


all other gaseous bodies is increased by heat; or more - 


accurately, that the repulsion between the particles of 
air, the distance remaining the same, increases with the 
temperature, so that at last it becomes so great as By 


overcome every obstacle which can be opposed to it. 


On the other hand, this repulsion diminishes with the 


temperature; the consequence of which is, that the ex- 


ternal pressure remaining the same, the air is unable to 


resist it‘'as usual, and of course its particles approach 


nearer each other. 


/ 


6. Insensible repulsion may either be a force inherent 
in the particles of bodies, or it may belong exclasively 


®to some particular body combined with these particles. 


The first of these hypotheses seems to have been adopt- 


ed by Newton, In the 31st query at the end of his 
Optics, he gives us his opinion concerning the constitu- 
tion of nature. He supposes that the primitive particles 
of matter are similar, extremely hard and dense, and 
that by their combination they form all the different 
bodies with which we are acquainted. That these par- 
ticles have been endowed by their Creator with a cer- 
tain force, in consequence of which they act mutua lly 


on each other, ‘and occasion all the phenomena of the 


material world; that this force changes with the dis- 
tance of the particles, not only its intensity, but-also its 


nature; that the particles when at one distance attract, 
_ but when this distance is increased or diminished to 
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a certain exterit, the attraction vanishes and repulsion 
succeeds it. i 4 i¢ 
The ideas of this illustrious philosopher were only de-- 
livered in general terms, without applying them to the 
explanation of particular phenomena. But in 17585 

Boscovich published his Theorta Philosophie Natue — 
ralis, in which he gives a detailed explanation of the 
economy of nature, in principles fundamentally rhe: 
same with those of Newton, but new modelled with sO 
much ingenuity, and supported by such excellent me- 
taphysical and mathematical reasoning, that he made 
them entirely his own, and deservedly acquired the re- 
putation of one of the greatest philosophers of the age. 
According to him, the particles of matter, or the atoms 
of which all bodies are composed, are mere mathema- 


tical points, destitute of extension and magnitude, but 


capable of acting on each other with a force which dif- 
fers in-intensity and in kind according to the distance. At 
sensible distances the force is attractive, and diminishes » 
inversely as the square of the distance. Atthe smallest  —~ 
distances the foyce is repulsive ; ‘it increases as the dis- 
tance diminishes, and at last becomes infinite or insu- 
perable; so that absolute-contact of course is impossible. 

The space between this last repulsive distance and sen-_ 
sible Fdanaces is divided into an indefinite numberof 


“parts, alternately attractive and repulsive. ‘Thus let us 


suppose it divided into ten such parts : while the par- 
ticles are at any distance between 9 and ro, that is to 
say, grcater than g but less than 10, they repel; between 
8 and 9 they attract; between 7 and 8 they repel; be- 
tween 6 and-7 they xttract, and soon. At the distances 


a. —* | 


% OQ, O58, 7> 65 55 dy 3> 25 Es which are the liraits between 
these attracting and repelling spaces, they neither attract 


: - 
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nor repel. The happy explanation which this theory 


- enables Boscovich to give of the greater number of na- 


tural phenomena is really astonishing; but there are 
phenomena which refuse to submit themselves to this 


ingenious theory; particulary those numerous changes 


operated on bodies by the action of caloric. 
7. Other philosophers have supposed, that repulsion 
is not a property inherent in all matter, but, confined to 


‘a peculiar substance which has been generally considered 


as caloric. | According to this hypothesis, there are two 


kinds of matter, one whose particles attract, another 


whose particles repel. Let us call the first cohesive mat- 
ter and the other ca/oric ; and let us suppose also, what 
must be the case, that cohesive matter and caloric at- 
tract each other with a force which varies as some 


‘power or function of the distance. In. that case we have, 


1. The particles of cohesive matter attracting each other, 


r ne ; ‘ 
as —.-++a. 2. The particles of cohesive matter attrac- 
a* : : 


% 


ting caloric, as — +b. 3. The particles of caloric re- 


f I i ; i 
pelling each other, ere ce. To make the case as 


simple as possible, let us suppose a, J, and c, each = 0. 
The simplest inspection of the phenomena of nature is 
sufficient to convince us, that of the three quantities y, a, 
and g, « must be the least, and-that y and x cannot differ 
much from each other. In order to form something 
like a precise notion of the subject, let us suppose » = 2 
and y and x each = 3. 

Every: particle of adhesive matter must be oanhingd 
with a particle of caloric, and these two must be in ac- 


tual mathematical contact ; for without this supposi- 
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tion the phenomena of nature would be inexplicable, | 
Every particlé of adhesive matter may, also be sur- 
rounded with an atmosphere of caloric, which atmo- 
spheres will necessarily diminish and alter entirely in 
the arrangement of the particles which compose them 


as the two particles of adhesive matter approach each : 


other, 


Let us suppose two particles of adhesive matter com~- 


bined each with a particle of caloric acting upon each © 


other at different distances. The variation of the diffe- 
rent ‘attractions and repulsions may’ be represented by 
fig. 35. : 
ces of the two compound particles frony each other ; 
one of the particles remaining stationary in, A, while 
The ordinates m b, 
nc,od, pe, gf, rg,sh,ti,uk, xl, represent the attrace 
tive forces when the second particle is at the points m, 
%, O3 Py Jy Vy 5S, by Uy Hy 
mb’, ne’,od', &c. represent the repulsive forces at 


The curves cdefghiki, andé 


drawn through the extremities of 


the same points. 
| tae? ho Me a Beat | 4 
Wd Bikes os 
these ordinates, are the curves of repulsion and at- 


traction. 


_vestigated by mathematicians ; but it is unnecessary to 


have recourse to their investigation, as a bare inspection 
of the figure is sufficient to demonstrate that it is alto- 
gether irreconcileable with the phenomena of nature: © 


For since the ordinates of the repulsive curve diminish 


at a greater rate than those of the attractive, at some — 


particular distance from A they will be equal to each 
Let us suppose them to be equal at 7, and let» 
Le A m=, Aas 2, 
Ao=3,Ap= 4, &c. Then at the points m, , 0, p, &c. 


Ory i ceed 


Let the line AB represent the different distan- ° 


respectively ; and the ordinates . 
iy ? + 


The properties of these curves have been in- ° 
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nee Have. the sepalsive and attractive ordifates equal Chap.Iv. 
p q ‘ 


nearly to the following numbers : 


77 n|o| p' g\r S Yet | a 
Repuls. 216.00]27.00]7.90/3.20|1.70|1.0016.2)4.2!2. J 248 


Attract. 39.60} 9.00]4.00|2.20|1. 40110017. 315-614.4|3.6 


Now as these forces are opposed to each other, they 
partly destroy each other; therefore to find the abso- 
lute force by which the two compound particles are re- 


pelled or attracted, while the second compound particle 


is in the points m, n, 0, &c. we have only to take the 
difference between the attracting and repelling ordinates 
at these points. This gives us the following result : 
a a io al ad Ebi x 
Rep. 176.4018. aye ate 00/3.00]0 
Attr. | tN ate 15|0.15 
The point ris aes a point of cohesion; as the 
two particles, when at the distance denoted by it, are 
neither attracted nor repelled. But the attractions which 


follow are totally incompatible with the phenomena: | 


4 1 . ee . i ‘ * tuiti'e 
For, instead of Fegan as 3, they diminish at an 


seteraparably slower rate. The same remark applies to 
the repulsions. 

We are absolutely certain, then, that x and y are not 
== 2 and 3. They must be such, that the difference be- 


Beate Ek ; 
en and oy oe ancdnginde that is to say, we must 


have -s2.4 Byes ey for that alone corresponds with the 
y 


‘phenomena. The fact is, if the above supposition, that 


there are two kinds of matter, one repelling and ano- 
ther attracting, be adopted, it is obvious that the rate at 


which we see the attractions and repulsions of bodies to 
. iz: > 
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— 


vary, is only the difference between the respective 


forces which the-particles of matter possess. Of course 
we cannot ascertain these forces except indirectly. Thus 
if we suppose x = 3, and y = 5, and that the two forces 
are equal as before at the point r; that is, let rg or 
*g'—a, then the attractions and repulsions in the difs 
ferent points will be as follows: ? bea 


| mila | op f-g tris. | €1. ele 
ee 168 16F G5 6S 16s 6S ae 
Rep. 2 +4 get rai ari lee eee 


Attr, : oi—a| 


6> los 163 6s |5s | los 16s \6s- 163 
a —— a —~ 2 |— 


Here the rate of variation is always as = The at= 


tractive and repulsive curves would assume a very dif- 
ferent form from those in the figure. Butit is needless 
to examine the subject farther, as it would be necessary 
to shew, before admitting the hypothesis, that the re. 


pulsion varies at the rate of as If this could be pro- 


ved, the greater number of the phenomena of nature. 


could be explained, upon this hypothesis, with the same 


facility as that of Boscovich ; and it would have the ad- 
ditional advantage of not assuming the existence of any 
force whose action is not actually demonstrated by the 
phenomena. It is obvious that the changes from attrac- 
tions to repulsion, when more than one such change ap- 
pears in consequence of varying the distance between 
bodies, may be accounted for by supposing that part of 
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us Bases 3 is driven off by the approach of the Bodies 
8. Before leaving this subject, it will be worth while 
- to shew, by an example, that the repulsion between the 
Pisartictes of caloric often actsas a real chemical force, 


_ which at first sight appear nearly contradictory. Why 
do bodies require different temperatures im order to 
unite? and Why does the presence of in lal in taany 


* cases, favour, or rather produce, ‘union,’ while it pres. 


_ vents or destroys it in others? — it i 
: Some substances, phosphorus for instance, combine 
with oxygen-at the common temperature of the atmo- 
\. sphere; others, as carbon, require a higher tempera- 
_ ture; and others, as hydrogen and azotic gas, do not 
combine except at a very high temperature. To what 
9 are these differences owing? ; , 
It is. evident,. that whatever diminishes the cohesion 
_ which-exists between-the particles of any body, must 
_ tend to facilitate their chemical union with the particles 
of other bodies: this is the reason that bodies combine 
more easily when held in solution by water, or when 
they have been previously reduced to a fine powder. 
‘Now caloric possesses the property of diminishing co-: 


_ hesion.- And one reason why some bodies require a‘ 
_ high temperature to cause them to combine is, that at’ 


alow temperature the attraction of cobeston is’ in them’ 
_ superior to that of aflinity 3 ; accordingl ly, it becomes. ne~w 
 cessary to weaken that attraction by caloric till it be- 
Gc “comes inferior to that of affinity. The quantity of ca- 


lotic necessary for this pain Gee must wer See to’ 
Ba ; 


j and that it affords a key to explain several phenomena. 
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sion between the’particles of any body, and of the af+ . . 
finity between the particles of that body and of any ~ J 


¢ 

other, we could easily reduce the tomporeian necessary = 
to calculation. . 
That caloric or temperature acts in this manner, can- 


not be doubted, if we consider that other methods of 
diminishing the attraction of cohesion may be substis 
tuted for it with success. A large lump of charcoal, 

for instance, will not unite with oxygen atsolowatem= ~~ 
perature as the same charcoal will do when reduced to : 
avery fine powder; and charcoal will combine with 
oxygen at a still lower temperature, if it be reduced to 
its integrant particles, by precipitating it from alcohol, 
as Dr Priestley did by passing the alcohol through 
ed hot copper. And to shew that there is nothing in 
the nature of oxygen and carbon which renders a high 
temperature necessary for their union, if they be pre- 
sented to each other in different circumstances, they 
combine at the common temperature of the atmosphere; 


upon charcoal powder, well dried in a close crucible, 
the charcoal takes fre, owing to its combining with 
the oxygen of the acid *: And in some other situations, 
carbon is so completely divided that it is capable of: 


for if nitric acid, at the temperature of 60°, be poured iq 
: P Pp 


4 
A 
. 


combining with the oxygen of the atmosphere, or, 
which is the same thing, of catching fire at the com- 
mon temperature: this seems to be the case with it in 
those pyrophori that are formed by distilling to dry- 
ness several of the neutral salts which contain acetous 
acid+. ‘These observations are sufficient to shew, that 


* Proust and Morveau, Encyc. Method. Chim. i. 474» 
+ Morveau, ibid. 
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anh daneaiet is in thany cases tiecessary in sibiagel to diminish | Chap. IV. 


the attraction of cobesion. 

But there is a difficulty still remaining: How comes 
it that certain bodies will combine with oxygen without 
the assistance of any foreign heat, provided the combina- 
tion be once begun, though a quantity of caloric is 
necessary to begin the combination? and that other 
bodies require to be surrounded by a great quantity of 
caloric during the whole time of their combining with 
Skygen : ? Alcohol, for instance, if once kindled, burns 
till it is quite consumed; and this 1s the case with oils 
also, provided they be furnished with a wick. 

We would ert very much, wete we to suppose that a 
high temperature is not as necessary to these substances. 
during the whole of their combustion as at the com- 


. mencement of it; for Mr Monge found, on making the 
trial, that a candle would not burn after the temperature 


of the air around it was reduced below a certain point. 

All substances which continue to burt after being 
once kindled are volatile, and they burn the easier in 
proportion to that volatility. The application of a cer- 
tain quantity of caloric to alcohol volatalizes part of it ; 
that is to say, diminishes the attraction of its cohesion 
so much that it combines with oxygen. The oxygen 
which enters into this combination gives out as much 
heat as volatilizes another portion of the alcohol; which — 
combines with oxygen in its turn; more heat is given 
out; and thus the process goes on. Oils and tallow ex- 
hi®ft the very same phenomena; only as they are less / 
volatile, it is fecessary to assist the process by means of 


the capillary attraction of the wick, which confines the 
action of the caloric evolved to a small quanti‘y of oil, 


and thus enables it to produce the proper effect. In 
eVor, III. Q. 
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short, then, every substance which is capable of con- 
tinuing to burn after being once kindled is volatile, or 
capable of being converted into vapour by the degree of : 
heat at first applied. The reason that a live coal will 
not burn when suspended insulated in the air, is not, as 
Dr Hutton supposed*, because its igh is dissipated; 
but because the coal cannot be converted into vapour 
by the degree of heat which it contains, and because 
the cohesion of its particles is too great to allow it to 


. combine with oxygen without some such change. There 


are some coals, however, which contain such a quantity 
of bitumen that they will burn even in the situation 
supposed by Dr Hutton, and continue to burn, provided. 
they be furnished with any thing to act asa wick. It 
is needless to add, that bitumen, like oil, is easily con- 
verted into vapour. ) 
But this explanation, instead of removing our difft- 
culties, has only served to increase them: For if ca- 
loric. only acts by diminishing the attraction of cohe- 
sion, and converting these substances into vapour, why 
do not all elastic fluids combine at once without any 
additional caloric? why do not oxygen and hydrogen, 
when mixed together in the state of gas, unite at once 


and form water? and why do not oxygen and azot, 


which are constantly in contact in the atmosphere, unite 
also and form nitrous gas? Surely it cannot be the 
attraction of cohesion that prevents this union. And 
if it be ascribed to their being already combined with 
caloric, how comes it that an additional dose of one of 
the ingredients of a compound decomposes it ? Surely,” 
as Mr Monge has observed, this is contrary to all the 
other operations in chemistry. 


* On Light and Heat, 
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That the particles of fluids are not destitute of an 
attraction for each other, is evident from numberless 
facts. The particles of water draw one another after 
them in cases of capillary attraction; which is proba- 


bly owing to the attraction of cohesion. It is owing | 


to the attraction of cohesion, too, that small quantities 
of water form themselves into spheres; nor is this at- 
traction so weak as not to be perceptible. ‘If a small 
plate of glass be laid upon a globule of mercury, the 
globule, notwithstanding the pressure, continues to pre- 
serve its round figure. If the plate be gradually char- 
ged with weights one after another, the mercury be- 
comes thinner ahd. thinner, and extends itself 1n the 
form of a plate; but as soon as the weights are re- 
moved, it recovers its globular figure again, and pushes 
up the glass before it.: Here we see the attraction of 
cohesion, not only superior to gravitation, but actually 
overcoming an external force *. And if the work- 
man, after charging his plate of glass with weights, 
when he is forming mirrors, happen to remove these 
weights, the mercury which had been forced from under 
.the glass, and was going to separate, is drawn back to 
its place, and the glass again pushed up. Nor is the 
attraction of cohesion confined to solids and liquids ; it 
cannot be doubted, that it exists also in gases ; at least 
it is evident, that there subsists an attraction between 
gases of a different kind: for although oxygen and azo- 
tic gas are of different gravities, and ought therefore to 
occupy different parts ofthe atmosphere, we find them 
‘always mixed together ; and this can only be ascribed to 
an attraction. : 


* Morveau, Eacycl. Meth. Affinité, p. 543. 
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Book Ut, It seems evident, in the first place, that the affinity 
~ between the bases of the gases under consideration and 
oxygen is greater than their affinity for that dose of 
caloric which produces their elastic form; for when 
they are combined with oxygen, the same dose will not 
separate them again. Let us take hydrogen for an in- 
stance: The aflinity of hydrogen is greater for oxygen 
than for the caloric which gives it its gaseous form 3 
but the oxygen is also combined with caloric, and there 
exists an attraction of cohesion between the particles of 
the hydrogen gas and oxygen gas; the same attraction 
subsists between those of oxygen gas and hydrogen gas. 
Now the sum of all these affinities, namely, the affinity 
between hydrogen and caloric, the affinity between 
oxygen and caloric, the cohesion of the particles of the 
hydrogen, and the cohesion of the particles of oxygen— 
is greater than the affinity between the hydrogen and 
oxygen; and therefore no decomposition can take plants 
Let the affinity between a 
Oxygen and caloric be es ce ee tee $0 
Hydrogen and, caloric. (% ij+hus wadnwhete Mle 50 
Cohesion of oxygen for hydrogen . subaesh 4. 
Cohesion of hydrogen... 2:6 sade ee ee 2 


Sum of quiescent affinities ........»s+ 106 
The aflinity of oxygen and hydrogen.... 105 


The quiescent affinities being greater than the divellent 
affinities, no decomposition can take place. 

Let now a. quantity of caloric be added to the oxy- 
gen and hydrogen gas, it has the property of expand- 
ing them, and of course of diminishing their cohesion ; 
while its affinity for them is so small that it may be ne- 
glected. Let us suppose that it diminishes the cohesion 


| REPULSION. 


_ of the oxygen 1, and of the hydrogen also 1, their cohe- 


sion will now be 3 and 13 and the quiescent affinities 
being only 104, while the divellent are 105, decompo- 
sition would of course take place, and a quantity of ca- 


loric would thus be set at liberty to produce the same 


effects upon the neighbouring particles. 

Thus, then, caloric acts only by diminishing cohe- 
sion: And the reason that it is required so much in 
gaseous substances, and in those combinations into which 
oxygen enters, is the strong affinity of oxygen and the 


_ other bases of the gases for caloric; for, owing to the © 


repulsion which exists between the particles of that sub- 
tile substance, an effect is produced by adding large 


doses of it, contrary to what happens in other cases. 
The more of it is accumulated, the stronger is the re- 


pulsion between its particles ; and therefore the more 


_ powerful is its tendency to fly off: and as this tendency 


is opposed by its affinity for the body and the cohe- 
sion of its particles, it must diminish both these attrac- 
tions, 
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Havine, in the First Part of this Work, given a very 
full detail of the Principles of Chemistry, and a descrip- 
tion of the different Substances with which: it is neces- 

_ sary for the Chemist to be acquainted, I propose, in this 
Second Part, to take a view of the different substances 
as they exist in nature, constituting the material world, 
that we may ascertain how far the science of chemistry 
will contribute towards explaining their nature, and ac- 
counting for the different changes which they produce on 
each other. Now the different substances of which the’ 

- material world, as far as we have accés$ to it, is com- 

posed, may be very conveniently arranged under the five 

following heads: | 

. 1. The Atmosphere, 4. Vegetables, 

2, Waters, | 5. Animals, 

3. Minerals, 

j These five divisions will form the subject of the five 

following Books. ? 
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Tue atmosphere is that invisible elastic fluid which 
surrounds the earth to an unknown height, and incloses 
it on all sides. It received its name from the Greeks, 
in consequence of the vapours which are ‘continually 
mixing with it, When the chemist turns his attention 


to the atmosphere, there are’ two things which naturally 


engage his attention: First, to ascertain the substances 
of which it is composed; and, secondly, to trace the 
changes to which it is liable. I shall ‘therefore divide 


‘this Book into two Chapters. In the first, | shall ex 
amine the component parts of the atmosphere ; and, in : 
the second, examine the changes to which it is lable — 
‘ander the title of METEOROLOGY. 
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€OMPOSITION OF THE ATMOSPHERE, 


at Neiruer the properties nor the composition of the at- Opinions of 
__ Mosphere seem to have occupied much of the attention sai gE 
of the ancients. Aristotle considered it as one of the 
four elements, situated between the regions of water 

and fire, and mingled with two exhalations, the dry and 

the mozst ; the first of which oceasioned thunder, light. 

ning, and wind ; while the second produced rain, snow, 

and hail. The ancients, in general, seem to have con- 

sidered the blue colour of the sky as essential to the at— 
mosphere ; and several of their philosophers believed” 

that it was the constituent principle of other bodies, or 

at least that air and other bodies are mutually conver- 

tible into each other*. But these opinions continued 

_. in the state of vague conjectures till the matter was ex- 

plained by the sagacity of Hales and of those philoso~ 

 phers who followed his Ulustrious career. 


_ . * Thus Lucretius: 

; Semper enim quodcunque fluit.de rebus, id omne 

Acris in magnum fertur mare; qui nisi contra 

Corpora retribuat rebus, recreetque fluenteis, 

Omnia jam resoluta forent, et in aera versa. 

Haud igitur cessat gigni de rebus et in res 

Recidere assidue, quoniam fluere omnia constat, ‘ Lid, v, 244. 
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Tt was not tillthe time of Bacon, who first taught 


mankind to investigate natural phenomena, that the 
atmosphere began to be investigated with precision. 
Galileo introduced the study by pointing out its weight ; 
‘a subject which was soon after investigated completely 
by Torricelli, Paschal, &c. Its density and elasticity were 
ascertained by Boyle and’ the Florence Academicians. 
Mariotte measured its dilatibility; Hooke, Newton, 


Boyle, Derham, pointed out its relation to light, to 


sound, and to electricity. Newton explained the effect _ 


produced upon it by moisture; from which Halley at- 
tempted to explain the changes in its weight indicated 
by the barometer. But a complete enumeration of the 
discoveries made upon the atmosphere in general be- 


longs to pneumatics; a science which treats professedly 


of the mechanical properties of air, 
The knowledge of the component parts of the atmo- 
sphere did not keep pace with the investigation of its 


mechanical properties. The opinions of the earlier che- 


mists concerning it are too vague and absurd to merit 


any particular notice. Boyle, however, and his con= 
temporaries, put it beyond doubt that the atmosphere 


contained two distinct substances. 1. An elastic fluid 
distiaouished by the name of air. 2. Water in the state 


of vapour. Besides these two bodies, it was supposed 


that the atmosphere contained a great variety of other 
substances, which were continually mixing with it from 


the earth, and which often altered its properties, and — 
rendered it noxious or fatal. Since the discovery of © 


carbonic acid gas by. Dr Black, it has been ascertained 
that this elastic fluid always constitutes a part of the at- 


mosphere. The constituent parts of the atmosphere © ~ 


therefore are, 


*’ 
My 
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ca. Air, q. Carbonic acid gas, 
2.W ater, ~ 4. Unknown bodies. 

These shall form the subject of the four following Sec- 

tions. But before proceeding to ascertain their proper- 

tiesyand the proportion in which they exist in air, it 

will be worth while to endeavour to calculate the a- 


. 


mount of the whole of the atmosphere which surrounds’ 


the earth. This will put it in our power to state the 
amount of its different constituent parts, and of course 
to see how far the quantities of each agree with the dif- 
ferent chemical theories which have been maintained 
concerning the influence of these bodies on the different 
kingdoms of nature. : 
Mechanical philosophers have demonstrated, that the 
weight of a column of the atmosphere, whose base is 


an inch square, is equal to a column of mercury of the 


same base, and balanced by the atmosphere in the ba-’ 
rometrical tube.. Now let us suppose the mean height 


of the barometer to amount to nearly 30 inches. | Let 
R denote the radius of the earth, r the height of the 
mercury in the barometer, x the ratio between the cirz 
cumference of a circle and its diameter. The solidity 


3 
of the earth ig’47 R 


; the solidity of the sphere com. 


posed of the earth, and a quantity of mercury sur- 
rounding it equal to the weight of the atmosphere, is 
4m (R+.r) 


: . Consequently the solidity of the hollow 


sphere of mercury equal to the weight of the atmo- 


3 é 2 \ 3 3 
_ sphere, is ty una L4e7R 


, : Ae A 


+ ° <« ya 
SA +7), or, neglecting the terms containing y* and r3, 


Its absolute 
quantity, 
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Bookl. 4 rRty. This Finite by substituting for 7, R’ and’ 
or r, their known values, gives us the solidity of the hol. 
low sphere cf mercury in cubic feet. Butacubic foot 
of mercury is nearly equal to 135,000 avoirdupois 
ounces. Hence the mean weight of the atmosphere 
amounts to akout 11911163224725$181818 lbs, avoir- 

dupois. eT yt. 


SEC Py al. 


OF AIR. 


"Tur word are seems to have been used at first to have 
denoted the atmosphere in general; but philosophers \ 
Air anelas- afterwards restricted it to the elastic fluid,-which con-~ 
tic fuidy ' - 
stitutes the greatest and the most important part of the 
atmosphere, excluding the water and the other foreign 
- bodies which, are occasionally found mixed with it. For 
many years all permanently elastic fluids were consi- 
dered as air, from whatever combinations they were ex- 
tricated, and supposed to possess exactly the same pro- 
perties with the air of the atmosphere. It is true, in- | 
deed, that Van Helmont suspected that elastic fluids 
possessed different properties; and that Boyle ascertain- 
« ed that all elastic fluids were not a alge of supporting — 


combustion liké air, But it was not till the discoveries _ b 
of Cavendish and Priestley had'demonstrated the pecue : 
liar properties of a variety of clastic Hujds, that philo- i 
sophers became sensible that there existed a variety of ' 


species of them. In consequence of this discovery, the ‘4 


* s 


/ ARs 


word: ‘a became generic, and was applied by Priestley, 
and the British and Swedish philosophers in general, to 


all permanently elastic fluids, while the air of the at. 
_ mosphere was distinguished by the epithets of common. 


of atmospheric air: but Macquer thought proper to ap- 
ply the term gas, first employed by Van Helmont, to all 
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permanently elastic fluids except common air, and to _ 


confine the term ar to this last fluid. This innovation 
was scarcely necessary ; but as it has now been gene- 
rally adopted, it will be proper to follow it. By the 
word air, then, in this Section, I mean only common 
ai, or the fluid which forms by far the greatest part of 
the atmosphere. ' 

The foreign bodies which are mixed or united with 


air in the atmosphere are so minute in quantity compa 


red to it, that they have no very sensible influence on 


its properties. We may therefore consider atmospheric | 


air, when in its usual state of dryness, as sufficiently 
pure for examination. | 

1. Air isan elastic fluid, invisible indeed, but easily 
recognised by its properties. Its specific gtavity, ace 
cording to the experiments of Sir George Shuckburgh, 
when the barometer is at 30 inches, and the thermome- 
ter between 50° and 60°, is o, 0012, or 816 times light- 


Specific 
gravity. 


er than water. One hundred cubic inches of air weigh 


31 grains troy. 

But as air is an elastic fluid, and compressed at the 
surface of the earth by the whole ‘weight of the incum- 
_ bent atmosphere, its density diminishes accord ling to its 


a "hei tht above the surface of the earth. From ‘the expe- 


vhs ‘riments of Paschal, Deluc, General Roy,\&c. it has 


x been ascertained, that the density diminishes. in the ra- 


“f 


a tio of the compression. Consequently the density de- 


iaseisa), 


Dilatability. 


Colour. 
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creases in a geometrical progression, while the heights 


increase in an arithmetical progression. __ ya 
Bouguer had suspected, from his observations made 
on the Andes, that at considerable heights the density 
of the air is no longer proportional to the compressing 
force*; but at experiments of Saussure junior, made 
upon Micah Rose, have demonstrated the contrary f. 
2. Air is dilated by heat. From the experiments of 
General Roy and Sir George Shuckburgh, compated 
with those of Trembley, &c. it appears, that at the tém- 
perature of 60°, every degree of temperature increases 
the bulk of air about ,. part. But the experiments of 
Du Vernois and Morveau, which gives us the dilatation 
of air for every degree of Reauniunframinate 86°, 
have been given in a fotmer part of this Work, and 


they are the most complete which have hitherto ap-~ 


peared. 


3. The specific caloric of air, according to the’ expe- 


riments of Dr Crawford, is 1.79. 
4. Although the sky is well known to have a blue 
colour, yet it cannot be doubted that air itself is alto- 


gether colourless and invisible. The blue colour of, the 


sky is occasioned by the vapours which are always mix-~ 
ed with the air, and which have the property of reflect- 
ing the blue rays more copiously than any other. This 
has been proved by the experiments which Saussure 
made with his cyanometer at different heights above the 
surface of the earth. This consisted of a circular band 
of paper, divided into 51 parts, each of which were 


painted with a different shade of blue; beginning with 


——— 


*® Mem. Par. 1753, p. 515. 
{ Four. de Phys, xxxvi. 9%. 


est mixed with black, to the lightest mixed with 
e found that the colour of the sky always cor- 


server is placed above the surface ; ; consequently, at a 
‘certain height, the blue will disappear altogether, and 
__ the sky appear black ; that is to say, will reflect no 

light at all. The colour becomes always) s lighter in pro- 

portion to the vapours mixed with the air. Hence it 

is evidently owing to them *. 
ik, The property which the air has of dapsone 
combustion, and the necessity of it for respiration, are 

, -too well known to require any description. 

6. For many ages air was considered as an element 
or simple substance. For the knowledge of its com- 
ponent parts, we are indebted to the labours of those 
Shilosophers in whose hands chemistry advanced with 
“such rapidity during the last forty years of the 18th cen- 


tury. The first step was made by Dr Priestley in In 1774,. 


by the discovery of oxygen gas. This gas, according 
to the prevailing theory of the time, he considered as 
air totally deprived of phlogiston ; azotic gas, on the 
other hand, was air saturated with phlogiston. Hence 


he considered common air as oxygen gas combined with 


an indefinite portion of phlogiston, varying in purity 
atcording to that portion; being always the purer the 
smaller a quantity of phlogiston it contained. 

While Dr Priestley was making experiments on Oxy- 
es a gas, Scheele proceeded to the analysis of air ina 


¥ Saussure’s Voyages dans les Alpes, iv. 288, 


rent manner. He observed that the liquid hes : 
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esponds with a deeper shade of blue the higher the ob- _ 
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its bulk; and this diminution always smounts te to a ce 
tain proportion, which he found to be bet | 
and a fourth part of the whole. The resid ee 
fit for supporting flame, arid was not dimipdbelBpany | v: 
of the processes which diminish common air. To this 
hse toner he aol the name of nied air. pei these exe 


different elastic flrdids’s basset foul air, whieh ie iS 
tutes more than two thirds of the whole, and ener an 
air, which is alone capable of supporting | flame and 
animal life. This last air he extricated from nitre by S 
heat, from the black oxide of manganese, and from other € 
substances, and gave it the name of empyreal air. He" 
showed that a mixture of two parts of foul air and 


one part of i a air possesses sap ptoperties of ; 


= 


ba 


common air * & 
The foul air ves Scheele was the same with the phi es 
gisticated air of Priestley, or with what is now known 
by the name of azotic gas. His empyreal air is the same 
with the dephlogisticated air of Priestley, or with what 
is at’ present called ompgen gas. According to him, 
therefore, air is a compound of two parts of azotic afd | 
one part of oxygen gas. He accounted f the dimi- 
nution of air by the liquid sulphurets and other similar . 
bodies by his theory of the composition of caloric, - 
which he considered as a compound of phlogiston and 
exygen gas. According to him, the phlogiston of the 
sulphuret combines ‘with the oxygen of the air, and 
passes through the vessels in the state of caloric, while 
the azotic gas, which has no affinity for bah = a a: 


a if hae 


behind. ; 5 ; hd 
- i+ ee iy : | 
Ber ie rt 7 
na 


see * Scheele on Air and Fire, p. 7. &c. Engl. Trans, 


Scheele was occupied with his experiments on , Chap.1. 
er was assiduously employed on the same. 
led by a different road to precisely, the 
2 conclusio as Scheele. By oxidating mercury in 
Presse! filled.with common air, and heated to the boil- 
i ios pote of mercury, he abstracted the greater part of. 
‘its o en gas; and by heating the red oxide thus form- 
>converted it into mercury, while at the same 
ea po uaesity of oxygen gas was extricated. The res 
| n the first experiment possessed the properties 


; tie gas ; but when the oxygen gas extricated from 
the mercury was added to it, the mixture assumed again 
the properties of common air. Hence he concluded 
that t air is composed of azotic gas and oxygen ; and from 
vatiety of experiments he determined the proportions 
€ 73 parts of azotic gas and 27 parts of oxygen gas, 
ee eins, that when air is diminished by 
: Rabid sulphurets, metals, &c. the oxygen gas which is | 
abstracted combines with the sulphurets, &c. and con« 
. verts them into acids or oxides according to their res 
_ spective nature. But as all these experiments have been 
already detailed in the First Part of this Work, it is un- 
_hecessary to be more particular in this place, 


Air, then, is a compound of oxygen and azotic gas: Aircom- 
_ but it becomes a question of considerable consequence atl 
a to determine the proportion of these two ingredients, a sate ) 
_ and to ascertain whether that proportion Is in every a 
case the same. Since azotic gas, one of the component 
rts of that fluid, cannot be separated by any substance 
hich chemists are acquainted, the analysis of air 
y be attempted by exposing it to the action of 
odies which have the property of absorbing its 
igen. By these bodies the oxygen gas is separated, and 


I. | R 


as 


“nent parts. places; and that upon this variation the Panay: § or 


ROR. method of determining readily the quantity 5 “oxygen " 
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Book. the azotic gas -is left behind, and the 
pervect may be ascertained by the diminutic 

‘ which,-once. ‘known, it is easy to ascertain the propot- 
tion of azotic gas, and thus to determine the exact : clae Me 


tive quantity of the component parts. 
Jaane _ After the composition of the atmosphe woo 
ing the pio- to philosophers, i it was taken for granted that the propor-~ 
portion of tion of its oxygen varies in different times and in different 


its compo- 
ous yualities of air depended. Hence it became 
ject. of the greatest importance to be in. posse 


in a given portion « of air. Accordingly various methods 
were proposed, all of them depending upon the pro- 
perty which a variety of bodies possessgg of abso g 
the oxygen of the air, without acting upon its 
_ These bodies were mixed with a certain known quantity 
of atmospheric air, in graduated glass» vessels inverted ! 
over water, and the proportion of oxygen was deters 
mined by the diminution of bulk. ‘These instruments 
received the name of eudiomecers, because they were 
considered.as measurers of the purity of air, Lhe eu- 


diometers proposed by different chemisigpamay be re- 


pene .z. 


duced to five. 
Eudiometer 1. Lhe first eudiometer was made in consequence of 


of Priestle 
and iinta.’ Dr Priestley’s. discovery, that when nitrous gas is mixed 


29 with air over. water, the bulk of the mixture diminishes _ 


rapidly, in consequence of the combination of the Ba Bs 
“with the oxygen of the air, and the absorption of 
nitric acid thus formed by the water. When nitr 
gas is mixed with azotic gas, no diminution at all 
place. When it is mixed with oxygen gas i 
prereset the absorption is complete. (e1 


the oxygen, Of course it will indicate the pro- 
tion of oxygen in air ; and by mixing it with diffe- 
sj : rent portions of air, it will indicate the different quan- 
“tities of oxygen which they contain, provided the com- 


ai Pri 


s method was to mix.together equal bulks of 


4 the mi ure into a narrow graduated glass tube about 

three t long, in order to measure the diminution 
of bulk. He expressed this diminution by the number 
. of hundred parts remaining. Thus, suppose. he had 


ey 


sum total of this mixture was 200 (or 2. 00) 3 suppose 
he residuum when measured in the graduated: tube to 
amount to 104 (or 1.04), and of course that 96 parts 


. the air thus tried by 104. A more convenient instru- 
“ment was invented by Dr Falconer of Bath; and Fon- 
tana greatly improved this method of measuring the 
_ purity of air. A description of his eudionieter was pubs 
_ lished by Ingenhoutz in the first volume of his Experi- 
ments; it was still farther improved by Cavendish in 
1783 *; and Humbolkt has lately made a very laborious 
set of experiments in order to bring it to a state of 
complete accuracy. But after all the exertions of these 


* Phil. Trans. \xxiij. 107, | 
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Prat parts of air be susceptible of variation. Dr. _ 


_ air and nitrous gas in a low jar, and then to transfer» 


_ mixed together equal parts of nitrous gas and air, the | 


of the whole had disappeared, he denoted the purity of 


Bi 
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and leaving the azotic gas or other foreign gases. He 


correspond with each other. And he has made it pro- 
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mixing the two airs occasions a great differer 
result ; the figure of the vessels is equally i I 
so is the water over which the mixture is made. And ie 
even when all these things are the same, impurity of 
the nitrous gas may occasion the most enormous diffe- 
rences in the results. . | 

Humbolt has shown, that the nitrous gas ought to be - i” 
prepared by means of nitric acid of the density 1.1905 
when a much stronger or weaker acid is employed, the 
gas produced is always contaminated with a great pro 
portion of azotic gas. He has pointed out the solution —— 
of sulphat of iron, as proper to ascertain the purity of 
the nitrous gas employed, by absorbing the nitrous gas — 


has shown, that when nitrous gas of the same degree of 
purity is made to mix very slowly with air, the vessel 
being carefully agitated during the mixture, the results, 
provided the experiment be performed with address, 


bable, that when equal quantities of air and nitrous gas, 
sO pure as to contain only about o.1 of azotic gas mixed 
with it, are agitated together slowly over water, the di- 
minution divided by 3.55 gives the quantity of oxygen 

contained in the air examined. But notwithstanding 

the ingenuity of bi! experiments, the anomalies attend- 

ing this method are still so great as not torenderit 
susceptible of accuracy: For that reason | think it un- 
necessary to give a particular description of the different _ 
eudiomeéters invented to ascertain the purity of an 
means of nitrous gas. |The result of the numerous 
periments which have been made with nitrous ¢ 
that the proportion of oxygen in atmospherie ai 
in different places and at different times. The 1 ul 


| AIRs 


4 fee 7 abcut 0.22, the maximum about 0.303 con- 

, pred * 

pended on, we must consider that fluid, not as a per- 

manent chemical compound, but as a body subjected to 
all the variations to which accidental mixtures. are 
liable. . | 

2. The second kind of eudiometer was proposed by 

_ Volta. The substance employed by that philosopher 

: wee separate the ongen from the air was hydrogen gas. 

_ _ His method was to mix given proportions of the air to 

- be examined and hydrogen gas in a graduated glass 
tube; to fire the mixture by an electric spark; and to 
iy idee of the purity of the air by the bulk of the resi- 
~ daum. But this method is not susceptible of so great 
a degree of accuracy as the preceding, when the object 
a to ascertain the precise quantity of oxygen gas in a 
given bulk of air, For if too little hydrogen gas be 


j mixed with the air, not only the whole of the oxygen’ 
will not be abstracted, but a. portion of the azot will 


_ disappear in consequence of the formation of nitric 


acid. On the other hand, if too much hydrogen be 


7” added, part of it will remain after the firing of the 


‘4 
a 


‘mixture, antl increase the bulk of the residuum. Volta’s 
, | 


 eudiometer, then, though it may have its uses, is scarce- 


ly susceptible of giving us the analysis of air. 

3. For the third kind of eudiometer, we are indebted 
to Scheele. It is merely a graduated ylass vessel, con- 
_ taining a given quantity of air exposed to newly pre- 
pared liquid alkaline or earthy sulphurets, or to a mix- 
of iron-filings and sulphur, formed into a paste 


nof the air, which converts a portion of the.sul- 
nto an acid. The oxygen contained in the air 
R 3 


if this method of analysing air is to be de- | 


1 water. These substances absorb the whole of the - 


Eudiometer 
of Volta, 


Eudiometer 


of Scheele 
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its slowness ; for when the quantity of air operated on _ 


Improved 
by De Mar- 
ti, 


\ 


‘filings and sulphur does not answer well, because itemits . 
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thus examined, is judged | wt by Ny diminution: lof bulk . 
which the air has undergone. ‘This method. is not only 
exceedingly simple, but it requires very little address; 
and yet is susceptible of as great accuracy as any other 
whatever. The onl y objection to which it is liable is 


is considerable, several days elapse before the mien 
tion has reached its maximum. | 

But this objection has been completely obviated by 
Mr De Marti, who has brought Scheele’s eudiometer to 
a state of perfection. He found that a mixture of iron 


a small quantity of hydrogen was, evolved by the action 
of the sulphuric acid formed by the absorption of the — 
oxygen of the air upon the iron; but the hydrogena- — 
ted sulphurets, formed by boiling together sulphur and — 
liquid potass or lime-water, answered the purpose per- 
fectly. These substances, indeed, when newly prepa- 
red, have the property of absorbing a small portion of 
azotic gas; but they lose this property when satura- 
ted with that gas, which is easily affected by agitating 
them for a few minutes with a small portion of atmo- — 
spheric air. His apparatus is merely a glass tube, — | 
~ ten inches long, and rather less than half an inch in ay 2 
ameter, open at one end, and hermetically sealed at the _ 
other. The close end is divided into 100 equal parts, ; ’ 
‘having an interval of one line between each ivi 
The use of this tube is to measure the portion of air to i 
be employed in the experiment. ba tube As f 
with om ; and by allowing the water to run aut; 


a7 


3 ll y, CP eee PR: Oe ABO oe 
7 ite Py tas 


cty + 


into a bias bottle filled with liquid i anialicet of 
7 ka iously saturated with azotic gas, and capable 
_ of holding from two to four times the bulk of the air 


_ ter this the cork is to be withdrawn suhile the mouth 


rity, it may be corked and agitated again. After this, 
the air is to be again transferred to the graduated glass 
tube, in order to ascertain the diminution of its bulk * 

Air, examined by this process, suffers precisely the 
same diminution in whatever circumstances the expe= 


riments are made: no variation 1s observed whether 
it blows; whether the air tried be moist or dry, hot or 


ther the season of the year, nor the situation of the 
place, its vicinity to the sea, to marshes, or to moun- 
tains, make any difference. Mr De Marti found the 
diminution always between 0.21 and 0.2 3. Hence we 
may conclude that air is composed of 
, 0.75 azotic gas | 
0.22 oxygen gas 


& 


1.00 | i. 
Scheele indeed found, that the absorption amounted to 


his sulphuret with azotic eas; for when the portion of 


been indicated by De Marti, is subtracted, the por- 
of oxygen in air, as indicated by his experiments, 


* Four. de Phys. li. 176. . * Scheele, ii, x, 


. introduced. The bottle is then to be cotked with a 
ground glass stopper, and agitated for five minutes. Af. . 


of the phial is under water ; and for the greater secu-— 


the wind be high or low, or from what quarter soever 


a ’ cold ; whether the barometer be high | ot low. Nei- | 


0.27*; but that was because he neglected to saturate 


a zotic gas which must have heen absorbed, and which 
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of Berthol- 
let. 
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is reduced very neaaly to 0.22. The trifling variations 
perceptible in his experiments were no doubt owing to 
the quantities of the mixture of sulphur and iron, by 
which he abstracted the oxygen, not being exactly the 


same at different times ; ; the consequence’ of which 


* 


would be an unequal absorption of azotic gas. 

4, In the fourth kind of eudiometer, the abstraction 
of the oxygen of air is accomplished by means of phos- 
phorus. This eudiometer was first proposed by A- 


chard *. It was considerably improved by Reboul f, — 


and by Seguin and Lavoisier {; but Berthollet § has 
lately brought it to a state of perfection, as it is equal- 


. ly simple with the eudiometer of De Marti, and scarce- 


ly inferior to it in precision. 2 
-Jnstead of the rapid combustion of phosphorus, this 
last philosopher has substituted its spontaneous com- 


bustion, which absorbs the oxygen of air completely ; . 
and when the quantity of air operated on is small, the > 


process is over in a.short time. The whole apparatus 
consists in a narrow graduated tube of glass containing 
the air-to be examined, into which is introduced a cy- 
linder of phosphorus fixed upon a glass rod, while the 
tube stands inverted over water. The phosphorus 
should be so long as to traverse nearly the. whole 
of the air. Immediately white vapours rise from 
the phosphorus and fill the tube. - These continue till 


the whole of the oxygen combines with phospherus.. 


They consist of phosphorous acid, which falls by its 


4 
4-3 ees 


weight to oon bottom .of the vessel, and is absorbed | 


ae Pg 


* Four. de Phys. 1784, vol. i. F Ann, de Chim. xiii, B gh 


} Ibid. ix. 293. 2, 
$ hid. XXXIV. 73 and ‘four. det’ Ecole Polytecha, I. iii. 274, - | 
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The residuiuim f is. merely’ the azotio gas of Chap. L 


, holding a portion of phosphorus i in solution. — fig |: a 

Be rthollet has ascertained, that by this foreign body its a oe 
_ bulk is increased zoth part. Consequently the bulk of ‘ie 
. ‘the residuum, diminished by 45, gives us the bulk of | Ng 
_ the azotic gas of the air examined; which bulk sub- ge ee 
tracted from the original mass of air, gives us the pro- | ae 
} portion of oxygen gas contained in it. | | me 4 
All the different experiments which have been made __ vauies WE 

by means uf this on ciconaent aes oh all in their re- Mie ie 


“ee of air are al« ays the 8 ne 5 aes, shed actos O. 22 fi: Ke ! ‘ 
" parts of oxygen gas, and o, of of azotic hd Berthol-: i 
% let found these proportions ih Egypt and in france, andi. Ref Be a 
‘ have found them constantly in Ediabur ghi inal the dif. ee 
_ ferent seasons of the year. Thus we see that the ana- t 


“ysis of air, by means of phosphorus ,» agrees precisely. ) ety i} 
" ‘with its analysis by means of hydrogenated sulplurets,. : i an 
| 5. The fifth eudiometer has been lately proposed by gem : fl 4 
Mr Davy. in it the substance used to absorb tlie oxy- Sete aL a 
Agen from air is a solution of sulphat or muriat of iron . i" 
in water, and impregnated with ‘sitroug gas, A small i) ae. 


Ve graduated glass tube, filled with hell 3 


r 


o be examined, m RENT HAY 
is plunged into the nitrous solution, ‘and Mbved a little 
backwards and forwards. The whole’of the oxygen is 
absorbed in a few minutes. The-state of greatest ab-_ 
sotption ought to be marked, as the mixture afterwards 
en its a little gas which would alterg:the result, By i 
eans of this and the two preceding eudtometers, Mr 
‘examined the air at Bristol, and found it always! 
tain about 0.21 of oxygen. Air cen: to Dr Bed- 


from the coast of Guinea gave exactly the same 
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of their quantity ; the vessel i in which they are contain=— 


nishes, their density diminishes in proportion, and of 
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an . 
result. This cudiometer, then, corresponds exaelly" 
with. the two last *. 4 ia 
In all these different methods of analysing air, it is. 
necessary to operate on air of a determinate density, and — 
to take care that the residuum be neither more conden- ut 
sed nor dilated than the air was when first operated on. 
If these things are not attended to, no dependance what- 
ever can be placed upon the result of the experiments, 
how carefully soever they. may have been perform- 
ed. 
lume of air and other elastic fluics: 
height of the barometer, 


Now there are three things soit alter the vo- 
TA change inthe 
2. An inerease or diminution ai 


ed remaining the same, and standing in the same quan- 


tity of water or mercury. 3.A change in the tempe- | 
rature of the air. a 
t. The density aiesand other elastic fluids is al- — 
ways proportional to the compressing force. Now they — 
are compressed by the weight of the atmosphere, which 
is measured by the barometer, If that weight dimi- | 
course their buik increases: if the weight of the atmo- 
sphere increases, their density increases, and their bulk. 
diminishes in the same proportion. Consequently if the 
height of the barometer varies during an experiment, _ 
the bulk of the residuum will not be the same that it — 
would have been if no such change had taken place. We 
will therefore commit an error unless we reduce the 
such alteration had taken place. This is easily de 
a very simple formula. ee 


SSS 


] 


* Phil, Mag. x 56. 


‘Tt has been: ascertained by philosophers, that the vo- 
lumes of air are always inversely as the compressing 
_ forces. Therefore let mm be the height of the barome- 
ter at the commencement of an experiment, x its height 
an the end; wv the volume of the gas when the barome- 


_ ter is at , and x its volume supposing the barometer at 


uv 


_m. We have n:m::m; 0. Consequently x= 


_ So that to find the ‘volume required, we have only to 
‘ ‘multiply the volume obtained by the actual height of 
the barometer, and divide by the height of the barome- 
ter at which we want to know the volume: And, in 
general, to reduce a volume of air to the volume it 
. would occupy, supposing the barometer at 30 inches, 
we have only to use the above formula, substituting 30 
in place of m. 3 
2. When air is confined in a jar standing over water 
or mercury, its density is not the same with that of the 
atmosphere, unless its lower surface in the jar be ex- 
- actly level with the surface of the liquid in the tub in 
which it stands. Let A (fig. 36.) bea jar containing air, 
and BC the surface of the water or mercury in the tub in 
which the jar is inverted; the air within the jar is not 
of the same density with the external air, unless it fills 
exactly that part of the jar above BC. if it fill only 


mercury rises to D, the 2ir will be more dilated than 


ercury or water Dm. On the other hand, if the wa- 
t or mercury only rise in the jar to F., the air within 
Il be denser than the external, because it-is com- 


d by the weight of the atmosphere, and also by 


that part of it between A and D while the water or. 


the external air, because it is comptessed only by the 
€ ’ : pt Py 
weight of the atmosphere, diminished by the column of. 
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ry- Let H be the height of the barometer at the com- 


Iumn of mercury mD, v the volume of the air in AD, 


inches; then » = 1663 cubic inches ; so that without — ; 
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the column of water or air mE. ‘Ttis proper therefore, 
in all cases, to bring the lower surface of the air i in the 
jar to the same level with the surface of the water or 
mercury in the trough. But-in eudiometrical experi- 
ments this is often impossible ; because part of the air 
being absorbed, though the water or mercury over a 
which it stands at first only rose to m, yet the absorp- : sony 
tion which takes place occasions it to rise to some line _ 
D above m. Hence the air which remains after the 
experiment is in a state of dilatation, and must be redu- 
ced by calculation to the volume which it would occu- ee 
py were it in the same state of compression as at the 
commencement of the experiment. This is easily done © 
by the following formula. | 

Let us suppose the experiment is made over mercus 


mencement of the experiment, 4 the length of the co- — 


and x the volume required, or the volume nplsech ii: 
sir would have supposing D to coincide. with m. Thea i 


we have H: HB: Ut Xe Ang 9 aoe oe Thu a 


let H ie 30 ‘inches, = 5 inches, and v= 7 dake cubic | 


this correction the error would amount to no less than ~ 
334 cubic inches, or about the sixth part of the whole. 
When the ee hie is made over water, the same By: 
formula applies? only in that case H must be multi. — 
plied by 13.6, is eegitisc a column of water 13.6 times 
longer than mercury is tiemoasany to produce the 
pressure. In that case, supposing the numbe 
same as before, x would be = 19773 80 that th 
: . 


( ATR, as a i 


“over - water is only, 
whole. } : j 

Bak change, in the ieee may be more easily Allowance 
~ guarded against in eudiometrical experiments, as they ot vs 
are usually made within doors: but when it does hap- - 
a pen, it occasions an alteration in the volume of the air; 
an increase of temperature dilating it, and a diminution 
of temperature occa pane a condensation. This error 
a4 be easily corr ected in air and all other gases, by 
increasing or diminishing their apparent bulk for every Mee: 
degree of change in the thermometer, according to the 

Table of ‘he dilations of the gases formerly given *, . 
We may consider it as established by experiment, Compost. 
as ad air is composed of 0.22 of oxygen gas, and 0.78 of ee 
azotic gas by bulk. But as the weight of these two 

gases is not exactly the same, the proportion of the com- 

ponent parts by weight will differ a little: For as the 

specific gravity of oxygen gas is to that of aZouc gas as 


135: 115, it follows that 100 parts of air are composed 
by weight of about 74 azotic gas ! 


5 


4 


26 oxygen gas Reber ar ‘s 


ico Btn, 6 he 


which differs very little from the detetmination of La- * 

‘ _ voisier, provided that philosopher meant to denote by 

his numbers the weight and not the volume of the come 

‘ ponent parts of air. COTA a4 

bi Having thus ‘ascertained the fire 3 . d the pro- Aira che 
ion of the component parts of ¢ fir, it remains only 
uire in what manner these component parts are 
1. Are they merely mixed together mage ariel) 


*® 


* Volume I. p. 269, 


2 ees or the 8oth part of the Chap. 


RS. 
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or are they comblnne cibrnich lly Is ‘amkae a mechanical 
mixture or a chemical compound? Philosopt b rs 
first to have adopted the former of these ¢ opini 
except Scheele, who always considered air asa ain > 4: 
cal compound. But thé supposition that air is a me- 3 
chanical mixture, by no means agrees with the pheno~ 
mena which it exhibits. If the two gaucs Were: only * 
mixed together as their specific gravity is different, it 
is scarcely possible that they would be uniformly mix- r 
ed in every partiof the atmosphere. Even Mr I ~ 
ton’s ingenious supposition, that they n it th 7 L 
nor repel each other, would not account for th i equal 
distribution: for undoubtedly, on that supposition, he 
would arrange themselves according to their specifics 
gravity. Since therefore air is in all places composed . 
of the same ingredients, exactly in the same propor- rs 
tions, it follows that its component parts are not only — 
mixed, but actually combined. When substances dif= a 


fering in specific gravity combine together, the specific ~ 


. gravity of the compound is usually greater than the 


mean. ‘This holds also with respect to air. The spe- 
cific gravity, by calculation, amounts only to 0.00119, 
whereas it actually 1 is 0.0012; adifference by no means 
inconsiderable. But perhaps the specific gravity of 
azotic and oxygen gas can scarcely be considered as |p 
known with such precision as to entitle us.to draw ony) * ; 


consequence from this difference. 

But the difference between airanda mere mixture of — 
its two component parts has been demonstrated by 
experiments of Morozzo and Humbolt. The arti 
mixture is much more diminished by nitrous ga 


_ 


| f Cs as as 


& 


tts flame better and:longer, and animals do not — ‘Chap. 1. Rec 
live in the same time that they do in an equal por- ' 
tion of air, but longer fer gh yee daha i 
_ We must therefore consider air as a chemical com- i 
pound. Hence the reason that it is in all cases the 19. 
same, notwithstan ing the numerous decomposing pro- 
cesses ta which it is subjected. The breathing of ani. ee 
mals, combustion, d a thousand oth operations, are~ , oo 
constantly abstracting it | oxygen decomposing it. ( 
¥ or vitiated no doubt ascends ‘. 
i 
some unknown pro- 
|  Teconverted pherical air. But 
he'nature of these changes is at present coneealed un- 
© an impenetrable veil, ae! ae aa Tt 

\ ey i ‘ : id 
% , “iG i ‘ 
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iy ‘Taat the atmosphere contains water, has been always Water of 


- known. The rain and dew which $0 often precipitate ag 4 ae : 
' from it, the clouds and fogs with which it is often ob- ; ; a) 
» scured, and which deposite moisture on all bodies €x- . wy 

q posed to them, have demonstrated its existence ineve. mig) a 

ty ave. Even when the atmosphere is perfectly trans. oS a 

rent, water may be extracted fromm it in abundance te ee 
tain substances. Thus if concentrated sulphuric 

exposed to air, it gradually attracts so much _ a a 

t Morozzo, Four. de Phys. xlvii. 203, ) . AD oe 

oh mint 

By 
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Detected 
- by the hy- 
grometer. 


the water may Sie sepmete iy disttlaciol Substances 


which have the property of abstracting water from the , 
atmosphere, have received the epithet of bygroseopic, im, 


because they point out the presence of that water. Sul- 
phuric acid, the fixed Aicaliee) muriat of lime, nitrat of & 2 
lime, and in general all deliquescen salts, possess th 
property. The ter number ofa imal and ent 


bodies leis doo it. Oh ot he tak 


Wises eaincur theta hav -. | 
ters oY measurers oft i quantity of moisture contain- : 
ed in the air around them. This they do by means of 
the increase or diminution of their length, occasioned | 

by the addition or abstraction of moisture. Thischange ~~ 
of length is precisely marked by means of an index. : 
The most ingenious and accurate hygrometers are those _ 
of Saussure and Deltic. In the first, the substance em= © 


ployed to mark the moisture is a human hair, which by | 
Its contractions and dilatations is made to turn round a 
an index. Inthe second, instead of a hair,-a very fine 

thin slip of whalebone is employed. The scale is di- se : 
vided into 100°. The beginning of the scale indicates . 


extreme dryness, the end of it indicates extreme mois- oy 
ture. Itis graduated by placing i it first in air made as 
dry as possible by means of salts, and afterwards im 
saturated with moisture. ‘This gives the extre 
the scale, and the interval between them is divide 
100 equal parts. ‘ 

Since it cannot be doubted that the atmosphe 


ee 


. WATER. 


_ Ways contains water, there are only two points which 


remain to be investigated: r. The quantity of water 
which a given bulk contains; 2. The state in which 
that water exists in air. 

Many attempts had been made to measure the quan- 
tity of water contained in air, but Saussure was the 
first who attained any thing like precision. This inge- 
nious philosopher has shewn, in his Hygrometrical Es- 
says, that an English cubic foot of air, when saturated. 
with water at the temperature of 66°, contains only 
about 8 a troy of that liquid, or about ;3,th of its 
weight. t the temperature of 32°, a cubic foot of 
air can contain only 4 grains, or riath part of its weight. 

ithe quantity of water which a cubic foot of air can 
contain, increases 0.1109 grains for every additional 


_ degree of heat. The following ‘Tanie exhibits the dif- 


ferent quantities of water in grains contained in a cubic 
foot of air at different degrees of temperature, corre- 
sponding to the different degrees of Saussure’s hygro- 
meter. For this Table, by far the most perfect which 
has hitherto appeared, we are indebed to the same cee 
lebrated philosopher. 


Vor. II. ngs 
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Quantity of © 
water in air, 
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; 


i | TEMPERATURE *. 
of Hygro- TTR ian neo 
meter. | 200%" | Ons) (tg ak ee 54° 


a ee ey ee 


SS 


4o° | 1.8971 | 1.1067 | 1.3653 | 1-6843 | 2.0779 


> meee | ee 6 


cceegees | SEN Semen [ oem. ~ we 


45 | 2.0676] 1.3171 | 1.6248 | 2.0045 | 2.4729 


net a eS eee 


SeenON yy | meme 


50 | 1:2194 | 1.5047] 2-8563 | 2.2900] 2.8251 | 


ome. | mee oe 


ore — 


55 | 1-4216.) 1.7414 | 2.1483 | 2.6503 3.2696 


eee | 


Ce ee 


60 | 1.6411 | 2.0246 | 2.4976 | 3.0590 3°7737 


ef nce ee) emcee | ame 


ory 


65 | 1.9204 | 2.3691 (2.9226 3.6055 4.4480 


46 12.2299 | 2,9a921 3.3903 | 4.1824 | 5.15005 


— 


75 | 2.5205 | 3.4107 | 3/8375 | 4.7342 | 5.8404 


fe tees SE ee | 


‘80 | 2.8155 | 3.4734 | 4.2850 | 5.2862 | 6.5213 
Sy tbees. ——— i ingens | ateroas tne 
4.7324 | 5.0381 | 7.2022 


rms | em en Oe es | OS ee 


85 | 3.1095 | 3.8361 


Seon meee en eam 


99 | 3.4035 | 4.1987 15.1797 | 6.3900 | 7.8831 | 


Sees | en fom 


a es ee 


i. ee 


O53 3.6946 | 4.5575 5-6224 | 6.9420] 8.5640 


ee 


5.8956 | 7.2732 | 8.9725 | 


mes eS er | ee 


98 | 3.8739 | 4.7790 


* In this Table the cubic foot of air and the grains of water contain- 
ed in it are both left in the original French measures as calculated by. 
Saussure. ‘The relative proportion being alone of importance, I did not 


_think it worth while to reduce them to our standard: But in order to: 


convert the grains in the Table into the number of grains troy contained 
in an English cubic foot of air, it is only necessary to multiply them by 
0.6773181. . : i 


WATER. 


: 
meter. 60° 44° 88° TOO? 
40° 2.5634 3-1625 | 3.9016 a8 Rey 
45. 2.9952 3.6952 | 4.5588 5.6242 
a a Ss: pe Sr GE ch SS 
§° | 3-4852°) 4.2997 | 5.3045 | 6.5442 
Ge ases3hl ames 6.1390 | 9.5737. 
| 60 “4.6554. “5.7434 | 7.0856 8.7415. 
65 “5.4873 | 6.7697 | 8.3518. 10.3036 
70 | 6.3651 7.8526 "9.6878 11.9518 
15 ea ~ 8.388e Ta. g6Gae £4,628. 
Bo 8.0450 “9.9251 | 1212446 | 15.1062) 
8.8850 | 10.9614 Fae 16.6834: 
Pot 5 Saricane 12-9979 14.8016 191607 
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The quantity of water which air is capable of con» 


_ taining diminishes also as the density of that air dimi- 
- nishes. Saussure ascertamed that air, rarefied SO ag 
only to be able to support a column of mercury 0.222 
- inch long, does not contain when saturated with mois- 


ontaining under the pressure of 28.8 inches of mercu- 
| The following Tare, drawn up by Mr Saussure, 
indicates the proportional quantity of water which a cu- 
* ike Bn 2 


_ ture more than the 20th part of what air is capable of 
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bic foot of air is capable of containing at different den- 
sities; the density as usual being indicated by the 
length of the column of mercury which it is capable of 


balancing. \ 


Height of Barometer. . Quantity of Water. 
28.8 inches . . «+0 « » 7.0000 
Dik pe Buntelasiyss« | aseh meee Ob 5aS 
SECO ie sin! s Eee s 9: O588Q9 
EGLGH Geter) spe els > 6 0.204 
WWE see Vandia ss «  OCReem 
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We Ath? > vanes. s" =<" 3 Oeaae 
BSB) Wi tees! <3 ov) ws “Ce 
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Such are the quantities of water contained in air in 
different circumstances while that fluid retains its trans- 
parence. But as the method which Saussure took to 
separate all the moisture from air was to expose it to 


the action of very dry potass, it may be questioned — 
whether by this process he was able to free the air al- 


together from moisture; and if not, itis a point of con- 
siderable consequence to détermine if possible the quan- 
tity which still remains after the potass ceases to act. 
Some philosophers have gone so far as to suppose 
that water is a constituent part of air; and that there- 
fore it caunot be, wholly abstracted without destroying 
the air altogether, ot depriving it of its elastic states 


This opinion. has. been adopted by Dr Priestley in par-. 


ticular ; and that philosopher has founded on it the ob-. 


water. The experiments of Mr Henry upon carbona- 


_~ . 2” 


jections which he has urged against the composition of Sh 


WATER. 


ted hydrogen gas have demonstrated, that air, even af. 
ter it has been exposed to the action of the driest salts, 
and those which have the strongest affinity for moisture, 
still retains a portion of water; but this portion is ex- 
ceedingly small, and may, when the precautions of Saus- 
sure are taken, be neglected altogether without any sen- 
sible error. Mr Henry has pointed out a way of free- 
ing some of the gases altogether from water by the ac- 
tion of electricity. When they are thus completely pu- 
rified from water, they continue to retain their elastie 
form as: much as ever. We may conclude, then, that 
air always contains water, but that water is not an in- 
gtedient so essential as to be necessary to the very exist- 
ence of air in an elastic form; though a certain portion 
of it seems essential to render air fit to answer the diffe. 
rent purposes for which it is intended; very dry air 
having exceedingly unpleasant effects upon the animal 
economy, as has been remarked: by Saussure and other 
philosophers. We may conclude also, that the abso- 
lute quantity of water assigned by Saussure as contain- 
ed in air, corresponding to the different degrees of his 
hygrometer, does not deviate very far from the truth. 
With respect tothe state in which water exists in 
air, there are only three different suppositions possible, 
each of which has been supported by very able philo- 
sophers. 1. Water may be dissolved in air in the same 
manner asa salt is held in solution by Waters rare: tt 
may be mechanically mixed with air in the state of 


steam or vapout ; or, 3. It may be chemically combis« 
“ned With air, after having been converted into vapour. 
1. The first of these opinions was hinted at by Di 


, “Hooke in his Micrographia, and afterwards proposed 
_ by Dr Halley ; but it was much more fully developed 
Fe is . S 3 
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by Mr Le Roy of Montpelier in 1451. Dr Hamilton 
of Dublin made known the same theory about the same 
time. The phenomena in general coincide remarkably 
well with this theory. The quantity of water which 
air is capable of holding in solution is increased by eve~ 
ty augmentation of temperature, and diminished by 
cold, which is precisely analogous to almost all other 


solvents. These analogies, and several others which ~ 


will easily suggest themselves to the reader, have indu- 


ced by far the greater number of philosophers to adopt — 


this opinion. — 

2. The second theory ; namely, that water exists in 
air in the state of vapour, and merely mechanically mix~- 
ed with it, has been embraced by “De Luc in his last 
Treatise on Meteorology; at least his reasoning appears 
to me to lead to that conclusion. He has proved, I 
think in a conclusive manner, that water, at least when 
it enters into the atmosphere, is always in the state of 
vapour, and that it evaporates independently of air alto- 


gether: but surely this is not sufficient to establish it 


as a fact, that the vapour, after it has mixed with air, 
remains merely in the state of a mechanical mixture. If 
it existed in that state, it would not surely be so diffi- 
cult to separate it again as we find it to be.~ 

oy The theory that water exists in the atmosphere in the 
state of vapour, chemically combined with air, was first 
advanced by Saussure and afterwards combated by Mor- 
veau and De Luc. But, notwithstanding the arguments 


of these very ingenious and acute philosophers, I can. 
‘not help thinking it by far the most probable acéount — 
of the matter that has hitherto appeared. My reasons 


are as follows: 


In the first prace, It cannot be doubted that the wae. 


7 WATER. 


ter which exists in air, is aetihed originally from the 
waters on the surface of the earth, which are exposed 


_to the action of the atmosphere. Accordingly we find 


that water, when exposed to the air, suffers a gra- 
dual diminution of bulk, and at last disappears alto- 


gether. This diminution of the water may be owing, 


either to its gradual solution in air, or to its conversion 
into vapour. ‘Lhe last is the common opinion, as the 
phenomenon is in common language ascribed to the 
evaporation of the water. When water is placed in an 
exhausted: receiver, it diminishes in bulk even more ra- 
pidly than in the open air. In this case, as no air is 
"present, we can only ascribe the diminution of bulk to 


the conversion of the water into vapour. Accordingly . 
we find upon examination, that the receiver is actually - 


filled with water in the state of vapour. . ‘The presence 


-of this vapour very soon, by its elasticity, puts an end 
to the evaporation of the avater. Now, since water. 


disappears equally whether air be present or not, 
and exactly in the same manner, it is reasonable to 
ascribe its disappearing in both cases to the same cause. 
But in the exhausted receiver it is converted ito va- 
pour. Hence it is probable that it is converted into va- 
pour also in the open air; and ifso, it must éxist in 
air in the state of vapour. 


In the second place, If the disappearing of water exs 


posed to the open air were owing to solution and not to 
evaporation, it ought certainly to disappear more ra- 
_ pidly when it is exposed to the action of a great quantity 
‘of air than when to a small quantity 5 ; for the quantity 


» of any body dissolved is always proportional to the 


quantity of the solvent. But the very contrary is what 


" actually takes place with respect to the water contained 
ie 
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in the air. Saussure has proved that water evaporates 
much faster at great heights than at the surface of the 
earth, even when the temperature and the moisture of 
the air in both places are the same. By comparing a 
set of experiments made upon the Col-du-Geant, at the 
height of 11,275 feet above the level of the sea, with a 
similar set made at Geneva 1324 feet above the level 
of the sea, he ascertained, that supposing the tempe- 
rature and the dryness of the air in both places the. 


same, the quantity of water evaporated at Geneva is to 


that evaporated on the Col-du-Geant in the same time 
and same circumstances as 37 to 84, or nearly as 3:7. — 
Now the air on the Col-du-Geant is about $d rarer 
than at Geneva; so that a diminution of about jd in 
the density of the air more than doubles the rate of 
evaporation *. ‘This is precisely what ought to be the 
case, provided the water which disappears mixes with 
the air in the state of vapour only ; but the very con- 
trary ought to hold, if the water disappeared in conse- 
quence of the solvent power of air. 

In the ¢hird place, It has been demonstrated by Dr 
Black that vapour is water combined with a certain dose 
of caloric. Consequently when water is converted into 
vapour, a certain portion of caloric combines with it 
and disappears. If, therefore, there is the same waste of 
caloric whenever water passes from a liquid state and 
enters into the atmosphere as a component part, we 


have reason to conclude that it enters into the atmos- 


phere only in the state of vapour. But it is a well known 
fact, that cold is always generated during spontaneous 
evaporation; that is to say, that the water as it dis- 


#® Saussure’s Voyages dans les Alpes, iv, 263. 
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appears carries off with it a quantity of caloric. It is 
well known, that when a wet body is exposed to the 
air, its temperature is lowered by the evaporation which 
takes place upon its surface. Hence in warm countries 
water is cooled by putting it into porous vessels, and 


« e ° sy | 
exposing it-to the air. ‘The water penetrates through 


the vessels, evaporates from their surface, and carries off 


80 much heat, as even in some cases to. freeze the wa- 


ter in the vessel. Saussure observed that the evapora- 


tion from the surface of melting snow caused it to . 


freeze again when the temperature of the surruunding 
air was 4.5° above the freezing point. . Dr Black has 
rendered it probable that the quantity of caloric which 
disappears during spontaneous evaporation, is as great 
as that which is necessary to convert. water into steam. 
We have a right then to conclude, that water, when it 


€vaporates spontaneously, is always converted into va- 


pour, and of course that it is only in that state that it 
enters into the atmosphere. 


There may, indeed, be a small portion held in s0-— 


lution by air in the state of water; but this portion 


“must be too minute to be perceptible. We know, at 


‘least, that water is capable of dissolving air, and that it 
always holds a portion of it in solution. It has been 
ascertained, that the affinity by which air is retained by 


water 1s.so great, that several hours boiling are scarcely 


sufficient to separate it completely, Now, if water be 
capable of dissolving air, why may not air be.capable 


_ also of dissolving water? And if so, it is reasonable to 


suppose that air always holds some water in solution in 
the state of water. But as water dissolves only a very 


small portion of air, and as air isa much rarer fluid 
j than water, it is mpginable to conclude that it will dis- 
k 
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solve proportionably less But if this supposition be — 


allowed, the quantity of water held in solution in air, in 
the state of water, must be very minute. 

Let us conclude, then, with Saussure and De Luc, 
that almost the whole of the water which exists in the 
atmosphere is in the state of vapour But we know 
fromthe nature of vapour, that whenever it comes into 
contact with a colder body, it 1s condensed again into 
water. This is very different from what happens to 
the vapour of the atmosphere ; it is not deposited (ex- 
cept at particular times) upon colder bodies, nor indeed 
does it exhibit any sensible proofs of its presence: It 
must therefore be prevented by some cause or other 
from being condensed, and from’ exhibiting the usual 


properties of vapour. This cause can only be its ico 


bination with air. Hence the reason that its propér- 


ties are concealed, and that it can only be separated 


“from air by bodies which have a strong affinity for water. 
Hence, too, the reason that moist air is specifically 
lighter than dry; a fact which would be inexplicable, 
on the supposition that the water dissolved in air existed 
not in the state of steam but of water. — 

The water, then, which constitutes a component 
part of the atmosphere is chemically combined with 


air; but it exists in two different states.» A small por- 


‘tion is held in solution in the state of water, but by far 


the greater proportion isin the state of - -an elastic fluid, 
whose specific gravity is to that of air as ro to 12, and 
‘chemically combined with air in the same- manner as 
one gas is combined with another. As the quantity of 
the water contained in the atmosphere varies cousider- 
ably, it is impossible to ascertain its amount with any 
degree of accuracy. But let us suppose that the mean 


Be cae 
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of Saussure’s hygrometer is 70°, which corresponds 
pretty well both with the observations of Saussure and 
Humbolt *. In that case every cubic foot of air will 
contain at an average 3.4 grains troy of water, or z4,th 
part of its weight. According to this estimation, the 
average sum total of water contained in the atmosphere 
amounts to somewhat less than 3997033877542 4,1931939 
Ibs. avoirdupois. But the absolute quantity is probably 


considerably over-rated ; for the humidity of the atmos- 


phere diminishes .very considerably as its height in- 


creases, as. we learn from the experiments both of 


Saussure and De Luc. 


SECT. I1.- 
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"Tue existence of carbonic acid gas as a constituent 
part of the atmosphere, was observed by Dr Black im- 
mediately after he had ascertained the nature of that pe- 
culiar fluid. If we expose a pure alkali or alkaline earth to 
the atmosphere, it is gradually converted into a carbonat 
by the absorption of carbonic acid gas. This fact, 
which had been long known, ‘rendered the inference 
that carbonic acid gas existed in the atmosphere un- 


‘ie 4 Reevordable, as soon as the difference between a pure al- 


kali and its caroonat had been ascertained to depend 
e upon that acid. Not only alkalies and alkaline earths 


——— 


* Four. de. Phys. xlvili. 195. 
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absorb carbonic acid when exposed to the air, but se- 
veral of the metallic oxides also. Hence the reason 
that we so often find the native oxides in the state of 


carbonats. Thus rust is always saturated with car- — 


bonic acid. 

. Carbonic acid gas not only forms a constituent part 
of the atmosphere near the surface of the earth, but at 
the greatest heights which the industry of man has been 
able to penetrate. Saussure found it at the top of 


Mount Blanc, the highest point of the old continent 5 


a point covered with eternal snow, and not exposed to 
the influence of vegetables or animals. Lime water 
diluted with its own. weight of distilled water, formed a 


_ pellicle on its surface after an hour and three quarters 
_ exposure to the open air on that mountain; and slips 
of paper moistened with pure potass, acquired the pro- 


perty of effervescesing with acids after being exposed 
an hour and a half in the same place *. Now this was at 
a height no less than 15,68 feet above the level of the 
sea. Humbolt has more lately ascertained the existence 
of this gas in air, brought by Mr Garnerin from a 


height not less than 4280 feet above the surface of the 


earth, to which height he had risen in an air balloon +. 


‘This fact is a sufficrent proof that the presence of car- 


bonic acid in air does not depend upon the vicinity of 
the earth. | : : 


Now as carbonic acid gas is considerably heavier than 


air, it could not rise to great heights in the atmosphere 
unless it entered into combination with the air: We 
are warranted, therefore. to conclude that carbonic acid 
is not merely mechanically mixed, but that it is che- 


* Saussure’s Voyages, iv. 199. + Four. de Phys, x\vii. 202. 
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mically combined with the other constituent parts of 
the atmosphere. It is to the affinity which exists be- 


‘tween carbonic acid and air that we are to ascribe the 
‘Yapidity with which it disperses itself through the at- 


mosphere, notwithstanding its great specific gravity. 
Fontana mixed 20,000 cubic inches of carbonic acid 


- gas with the air of a close room, and yet half an hour 
after he could not discover the traces of carbonic acid 


in that air, Water impregnated with carbonic acid, 
when exposed to the air, very soon loses the whole of 
the combined gas. And when a phial full of carbenic 


acid gas is left uncorked, the gas, as Bergman first | 


ascertained, very soon disappears, and the phial is found 
filled with commen air. 

It is owing to this strong affinity between air and 
carbonic acid gas that it is so difficult to detect the 


" presence of that gas in air by the common tests. At- 


rospheric air does not render lime water turbid, though 
agitated with it ever so long, or made to pass through 


it in ever so great a quantity. Neither has it any ef- 
’ fect upon the most delicate vegetable blues. The great 
quantity of air with which it is combined, -envelopes if 


in such a manner that these bodies are not powerful 


enough toabstract it. We must employ for that purpose 


substances which have a very strong affinity for that 
acid, as the alkalies, milk of lime, &c. ‘These substances 
detect its presence by acquiring the property of effer- 
vescing with acids. 

The difficulty of separating this gas from air has hi- 
therto prevented the possibility of determining with 
accuracy tlie relative quantity of it in a.given bulk of 
air; but from the experiments w’:ich have been made, 


e we may conclude with some degree of confidence, that 
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it is not very different from o.o1. From the experi- 
ments of Humbolt, it appears to vary from 0,005 to 


o.o1. ‘This variation will by no means appear impro- 
~bable, if we consider that immense quantities of cat- _ 


bonic acid gas must be constantly mixing -with the 


atmosphere, as it is formed by the respiration of ani- 


mals, by combustion, and several other processes_ which | 
are going on continually. The quantity, indeed, which is 
daily formed by these processes is so great, that at first 
sight it appears astonishing that it does not increase 


rapidly. ‘The consequence of such an increase would 


be fatal, as air containing 0.1 of carbonic acid extin- 
guishes light, and is noxious to: animals. But we shall 
find reason afterwards to conclude, that this gas is de- 
composed by vegetables as rapidly as it forms. 

On the supposition that the carbonic acid gas con- 
tained in a given bulk of air amounts to 0.01, the ab- 
solute quantity of it in the atmosphere would amount 
to somewhat more than 119,111,632,272,581,918 Ibs. 


‘avoirdupois: an enormous quantity, which undoubtedly 
serves some valuable purpose in the atmosphere, though ~ 
our knowledge of the changes which go on in that great _ 
laboratory is at present too imperfect to enable us even | 


. 


to conjecture the uses to which it may be applied 
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Tom the three preceding Sections we see that the at- Composi- 
mosphere consists chiefly of three distinct elastic fluids eked 
united together by chemical affinity; namely, air, va-. 

pour, and carbonic acid gas ; differing in their propor-_ 

tions at different times and in different places; but that 

_ the average proportion of each is 

Bi ) 98.6 air 


—— 
. - a 


- 1.0 carbonic acid’ 
0.4 water 
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But besides these bodies which may be considered as Other bo- 
the constituent parts of the atmosphere, the existence ‘es co? 


_ of several other bodies has been suspected in it. I do 
’ not mean in this place to include among those bodies 


Vad 
“ 


electric matter, or the substance of clouds and fogs, and 
those other bodies which are considered as the active 
q agents in the phenomena of meteorology, but to confine 
. myself merely to those foreign bodies which have been 
. occasionally found or suspected in air. Concerning 
Bs these bodies, however, very little satisfactory 1 is known 
& at present, as we are not in possession of instruments 
5 ficiently delicate to ascertain their presence. We can - 
deed detect several of them <ctually mixing with air, 


what becomes of them afterwards we are unable to 


tained in it. 
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1. Hydrogen gas is said to have been found in air sis 
tuated near the crater of volcanoes, and it is very pos 


sible,that it may exist always in a very small proportion 


in the atmosphere ; but this cannot be ascertained. till 
some method of detecting the presence of hydrogen ROM 
bined with a great proportion of air be discovered. 

2. Carbonated hydrogen gas is often emitted by 
marshes in considerable quantities during hot weather. 
But its presence has never been detected in air ; so that 
in all probability it is again decomposed by some un — 
known process. 

3. Oxygen gas is emitted abundantly by shes du- 
ring the day. We shall afterwards find reason to con- 
clude that this is in consequence of the property which 
plants have of absorbing and decomposing carbonic acid 
gas. Now as this carbonic acid 1s formed at the ex- 


pence of the oxygen of the atmosphere, as this oxygen 


is again restored to the air by the decomposition of the 
acid, and as the nature of atmospheric air remains un 
tered, it is clear that there must be an equilibrium be 
tween these two processes ; that is to say, all the catbo- 
nic acid’ formed by combustion must be again decompo- 


sed, and all the oxygen abstracted must be again resto- 


red. The oxygen gas which is thus continually return- 
ing to the air, by combining with it, makes its compo- 
nent parts always to continue in the same ratio. 

4. The smoke and other bodies which are continual- 
ly carried into the air by evaporation, &c. are probably 
soon deposited again, and cannot therefore be consider- 
ed with propriety as forming parts of the atmosphere. 
But there is another.set of bodies which are occasion 
ally combined with air, and which, on account of the 
powerful action which they produce on the human bo- 
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ay, hive attracted a great deal of attention, These are 
_ known by the name of matters of contagion. 

_ That there isa difference between the atmosphere 
+ in different places, as far as respects its effects up- 
on the human body, has been considered as an esta- 
F ilichea pointin allages. Hence some places have been 


to the human constitution. It is well known that in 
- pits and mines the air is often in such a state as to suffo= 


it. Some places are haunted by peculiar diseases. 
_ Itis known that those who frequent the apartments of 
- persons ill of certain maladies, are extremely apt to 
catch the infection ; and in prisons and other places, 


a 


_ where crowds of people are confined together; when dis- 


_ eases once commence, they are wont to make dreadful 
in noxious matter is dissolved by the air, and that it 


_. chief. 

_ This noxious matter is ‘ many cases readily distin- 
_ guished by the peculiarly disagreeable smell Which it 
communicates to the air. N o doubt this matter differs 
according to the diseases which it communicates, and 
; the substance from which it has originated.» Morveau 


Pfonnd the chemical eatn hitherto: ARE een altogether 
| insufficient for that purpose. He has geen it pe ih a 


‘tai ain agents, particularly by those gaséous bodies which 


relly part with their oxygen. He exposed infected 


my Vor, Ill. T 


| cate almost instantaneously those who attempt to breath 


havoc. In all these cases it has been supposed that a cers: 


is the action of this matter which produces the mis- 


3 : ed suite: and that it is destroyed altogether by cer=_ 


air to the action of various bodies, and he judged of the 


- celebrated as healthy, and others avoided as pernicious, — 
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result by the eifuit which these bodies had in destroy~ 


ni 


ing the fetid smell of the air. The follawing 1 is ee re= * 


* 


sult of his experiments. 


es 


‘Shere 


1.-Odorous bodies, such as benzoin, aromatic plants, © 


&e. have no effect whatever. 2. Neither have the so- 


- lutions of myrrh, benzoin, &c. in alcohol, though agi- 


tated in infected air. 3. Pyrolignous acid is equally in- “ 
ert. 4. Gunpowder, when fired in infected air, displa= 
ces a portion of it; but what remains still retains its fe- . : 
tid odour. 5. Sulphuric acid has no effect ; sulphurous — i 


acid weakens the odour, but does not destroy it. 6. Aus ; 


cetous acid diminishes the odour, but its action is slow 
and incomplete, 7. Acetic acid acts’ instantly, and de~— 


stroys the fetid odour of infected air completely. 8. 


The fumes of nitric acid, first employed by Dr Carmi-_ 


chael Smith, are equally efficacious. 9. Muriatic a< 


cid gas, first pointed out as a proper agent by Mor- 
veau himself, is equally effectual. 1o. But the most 


'" powerful agent is oxy-muriatic acid gas, first ab siyess 


by Mr Cruickshanks, and now employed with the 


greatest success in the British Navy and pre hos-"™ 


pitals. 


aa 


= 


Thus there are four substances which have the pro- s 
petty of destroying contagious matter, and of purifying — 


the air: but acetic acid cannot easily be obtained in sufs 


& 


ficient quantity, and.in a state of sufficient concentration — 


to be employed with advantage. Nitric acid is attend- 


ed with inconvenience, because it is almost always con-— 


taminated with nitrous gas. Muriatic acid and oxy- — 
muriatic acid are not attended with these inconveniens — 


ces; the last deserves the preference, because it acts — 


with greater energy and rapidity. All that is necessary 
is to mix together two parts of salt with one part uf 
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an open vessel in the infected chamber, and to pour up- 
_ on it two parts of sulphuric acid. The fumes of oxy- 


and destroy the contagion. 


\ 


_. 
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Trove the phenomena of the weather must have at 
allotimes attracted much of the attention of mankind, 
if because their subsistence and their comfort in a great 
measure depended upon them, it was not till the 17th 
century that any considerable progress was made in in- 
vestigating the laws of meteorology. How desirous so- 
_ €ver the ancients might have been to acquire an accu- 


_ rate knowledge of this science, their want of proper in. 


struments entirely precluded them from cultivating it. 
¥ By the discovery of the barometer and thermometer in 
. the 17th century, and the i Invention of accurate electro- 
_ meters and hygrometers in the 18th, this defect is now 
| pretty well supplied; and philosophers are enabled to 
_ make meteorological observations with ease and accura~ 
‘ y- Accordingly a very great number of such obser. 
| X vations have been collected, which have been arranged 
and examined from time to time by i ingenious men, and 


ue 
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\ 
Pek black oxide of manganese, to place ‘the mixture in 


3 “muriatic acid are immediately exhaled, fill the chamber, 


consequences deduced from them, on which several dif. 
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ferent theories of the weather have been built. Buc 
meteorology is a science so exceedingly difficult, that, 


a 


b i 
a 


notwithstanding the, united exertions of some of the * 
first philosophers of the age, the phenomena of the wea- A? 
ther are still very far from being completely under- 
stood ; nor can we expect to see the veil removed, till 
accurate tables of observations have been obtained from 
every part of the world, till the atmosphere has been © 
more completely explored, and the chemical changes y 
which take place in it ascertained. Ki: 
The changes which take place in the atmosphere de- 
monstrate, in the clearest manner, that new combina- 
tions and- decompositions are continually going on in it. . 
On these chemical alterations the greater number of 
meteorological phenomena depend: they may be con- 
sidered as the result of the mutual action of the diffe- 
rent component parts of the atmosphere ; and would EP, 
admit of an easy explanation, if we were thoroughly ‘7 
acquainted with all those substances, and with the che- 


= 
es, oe 


mical laws which govern their action, ‘The most im~- et 
portant meteorological phenomena are, 1. The changes = 
which. take place in the weight of the atmosphere; 
2. The changes which take place in its temperature; _ 


3. The fogs, clouds, and rain which so often precipitate 


from it; 4. The violent agitation into which it is often | 
thrown; and, 5. The electric phenomena which some- 
times accompany or occasion these precipitations and 


agitations. The consideration of these subjects shall . | 
occupy the five following Sections. 


a P's 


SECT $1) esinwnt/oy 


OF CHANGES IN THE WEIGHT OF THE ATMOSPHERE. 


We have seen in the last Chapter, that the barometer 

indicates to us the weight of a column of air, extending 
_ to the top of the atmosphere, and whose base is equal 
to that of the mercury. At the level of the sea, where 
the-column of air is longest, the mean height of the ba- 
_ Tometer is 30 inches. This Sir George Shuckburgh 
_ found to be the case in the Mediterranean and the Chan- 
hel, in the temperature of 55° and 60°; Mr Bouguer, 
_ onthe coast of Peru, in the temperature of 84°; and 


Height of 
the baro-. 
meter on. 
the sea — 
shore. 


Lord Mulgrave, in latitude 80°. The: mean height of - 


ye 


the barometer is less the higher any place is situated 


_. above the level of the sea, because the column of air _ 


which supports the mercury is the shorters. ‘The ba- 


ro, 


_‘rometer has accordingly been - used for’ measuring 
heights. But if a barometer be allowed to remain in 


one place, the mercury does not remain stationary ; 
sometimes it rises and at other times falls, varying to 
the extent of several inches; of course the weight: of 
_ the air which balances the mercury must be subject to 
the same changes. Hence. we learn that the air in the 
_ same place is sometimes light and at-other times heavy ; 


: tity of air above any spot is liable to continual altera- 
tions. Consequently either the air accumulates in par- 
1 oe spots, while it partially abandons others ; 5 OF 


_ differences which must be owing to changes in its quan- 
: tity. The barometer then informs us, that the quan~ 


Variation, 
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part of the atmosphere must be alternately abstracted — 
altogether, and restored again by some’constant thouch . 
- apparently irregular process. 


Between the tropics the variations of the barometer 
are exceedingly small; and it is remarkable, that in that 
part of the world it does not descend above half as much 


for every 200 feet of elevation as it does. beyond ‘the © 3 
tropics ||. In the torrid zone, too, the barometer isele- 
vated about two thirds of a line twice every day; and 


this elevation happens at the same time with the tides 
of the sea q. | 

As the latitude advances towards the poles, the range 
of the barometer gradually increases, till at last it 


amounts to two or three inches. This gradual increase 


will appear from the following Table : 


TABLE of the Range of the Barometer. 


Range of the Barometer. 


Latitude. Places. : 
Greatest. Annual. 
o° Pets te 0:99; % ae 
22 Calcutta 0.97 7 oe 
40 Naples 1.00 * — 
51 Dover 2.47§ | 1.80 
53 Middlewick 3:00§ | 1-94 
53 Liverpool 2.89 §| 1.96 


Petersburgh Z454.| 2.99 


|.M. Cassan, Four. de Phys. April 1790, p. 268, qIhid, - ve ‘ 


* Kirwan, Irish Trans. vol. iii. p. 47. 
} Asiatjc Researches, vol. ii. Appendix, 
§ Manchester Trans. vol. iv. 

$ Edinburgh Trans, vol, ii. p.229, . 


In North Atherica, icone the range wof the baro- Shaped. 
“meter is a great deal less than in the corresponding Eu- | 
_ Topean latitudes. In Virginia, for instance, it never 

oacecds!1.1:™, 
The range of the barometer is greater at the level of | | 
the sea than-on the mountains, and in the same. degree paris oh 

_ of latitude the extent of the range is in the inverse ratio ‘A 

of the height of the place above the level of the sea. | a Me e 
From a table published by Mr Cotte in the Yournad Diurnal | 
‘ we f . range, 
de Physiquet, it seems exceedingly probable that the 
barometer has always a tendency to rise from the morn- Ne Ll 
Ing to the evening; and that this tendency is greatest | Lee 
_ between two o ’clock i in the. afternoon and nine at night, 
at which hour the greatest elevation takes place; that 
the elevation of nine o’clock differs from that of two — Reo) 
| by 4,ths, while that at two differs from the morning 7 a me), 
elevation only by <.th; and that in certain climates the ; 


> * 


an 
‘ greatest elevation takes place at two o’clock. ‘The fol- Rea 
lowing is a part of the Table on which these observa- ee 

_ tions are founded, reduced tothe English standard, —. “TORE a 


— *® Trans. Philadel, vol. ii. p- 142. t Aug. 1790, p. 110, - 


Ser 
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‘3.8 Mean height of Barometer. 
Places. 4 & 

é 73 Morning.| Noon. | Evening.| Year. 
Arles 6 |29-9347|29-9347|29-9413|29-9347 
Arras 6 |29.6683129.6.08 3)29.0832|29.6758 
Bourdeaux LI [29-721 229.8385 |29-8385] 29.8395 
Cambray 13 |29.8756|29.8682|29.8756]29.8756 
Chinon 12 |29.77109|29.7795|29.8001|29.7909 
Dunkirk 8. 129-9199|29.9347|29-9347|29-9273 
Hagenau 10 |29.5648)29.5648/29.5741|29.5648 
Laon 7 |29-335429.3206|29-3429|29.3354 
Lisle 6 |29.9165|29.9274/29-9347|29-9°77 
Mayenne 4 |29.7172/29.9056/29.7127/29.7129 
Manheim 5 |29-6167/29.6018]29.60167|29.6093 


Montmorenci| 22 
Mulhausen 4 
Obernheim 12 


Paris » 67 

Poitiers 12 

Rouet.. po5[ou 
{Rome | mg 

St Maurice le 

' Gerard 10 

Troyes 10 


The range of the barometer is greater in winter than. 


29.65 36|29.65 36|29.6610/29.65 36 
29.187 3/29.1800|29.1873/29.1873 
29.483 4|29.466 5|29.4764]29.4764 
29.8902|29.8607|29.87 56/29.87 56 
29.7276/29.9276)29.727 629.7276. 
2.9.8607|29.8535)29.853 5129-853 5 


29.8607129.8460]29.87 56)29.8607 | 


29.8016/29.8016|29.8090)29.8016 


29.688 5|29.6979|29-688 5/29.688 5 


in summer. Thus at York the mean range of the ba- 
rometer, during October, November, December, Ja- 


nuary, February, March, of the year 1774, was 1,42; 
_ and for the six summer months 1.016*. 


In serene and settled weather it is generally high ; 
and low in calm weather, when the air is inclined to 
rain; it sinks on high winds, rises highest on easterly — 
and northerly winds, and sinks when the wind blows 


* Manchester Trans. vol. iv. p. 543» 


Cs 
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_ when the wind blows from the north-west and north, 
and lowest when it blows from the south-east. 

The barometer falls suddenly before tempests, and - 
undergoes great oscillations during their continuance. 
_ Mr Copland} of Dumfries has remarked, that a high 
low barometer with one below, the monthly mean. 
Such are the phenomena respecting the variations of 

the barometer, as far as they can be reduced under ge- 

neral heads. Various attempts have been made to ex- 
: plain them, but hitherto without any great degree of sucs 
cess. ‘The theory of Mr Kirwan appears to me by far the 
most plausible, though it is not sufficient to explain all 
the facts. The following observations may be consi- 
_ dered as a kind of abstract of his theory, except in one 
or two instances. 

It is evident that the density of the atmosphere is 
_ least at the equator and greatest at the poles; for at 
the equator the centrifugal force, the distance from the 
centre of the earth, and the heat, all of which tend to 
diminish the density of the air, are at their maximum, 
while at the pole they are at their minimum. The 
mean height of the barometer at the level of the sea, all 
over the globe, is 30 inches; the weight of the atmos- 
q phere, therefore,,is the same all over the globe. The 
sphere depends on its density and 


weight of the a 
4 height: where the dénsity of the atmosphere is greatest, 
its height must be least; and, on the contrary, where its 
"d pheight must be greatest. The height 


297 


from the south*. At Calcutta}, it is always highest Chap. 1. 


_, barometer is attended with a temperature above, and a \ 


| gradually between the equator and the poles, so that its 


creases. But the density of the atmosphere in the torrid 
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of the atmosphere, therefore, must be greatest at the te 
equator, and least at the poles; and it must decrease 


upper surface will resemble two. inclined planes, meet- 4 
ing above the equator their highest part *. 

During summer, when the sun is in our hemisphere, . E: 
the mean eat between the equator and the pole does 
not differ so 5 much as in winter. Indeed the heat of id 
northern countries at that time equals the heat of the 
torrid zone: thus in Russia, during July and August, © 
the thermometer rises to 85° fe Hence the rarity of 
the atmosphere at the pole, and consequently its height, — 
will be increased. The upper surface of the atmosphere, 


therefore, in the northern hemisphere will be less in- 


clined; while that of the southern hemisphere, from 
contrary causes, will be much more inclined. ‘The very 
reverse will take place during our winter. 

The density of the atmosphere depends in a great 
measure on the pressure of the superincumbent column; 
and therefore decreases, according to the height, as the of 
pressure of the superincumbent column constantly de- 


zone will not decrease so fast as in the temperate and — : 
frigid zones ; becauserits column is longer, and because 
there is a greater proportion of air in the higher, part q 
of this column. This accounts for the observation of a 
Mr Cassan, that the barometer only sinks half as much : 
for every 200 feet of elevation in the torrid as in the - 
temperate zones f. The density of the atmosphere at 


* Kirwan, Irish Trans. vol.ii. p. 43, &c. ig 
4 Dr Guthrie, Edin. Trans. vol, il. p. 229+ a 
} Should it not be examined a number ia parts which the | 


- 
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q the equator, therefore, though at the surface of the Chap. IL 

' earth it is less, must at a certain height equal, and at a 

still greater surpass, the density of the atmosphere in 

_ the temperate zones and at the poles. » 

— Accurrent of air is constantly ascending at the equa- Hence the 

tor, and part of it at least reaches and continues in the tees 

higher parts of the atmosphere. From the fluidity licetpue. 

of air, it is evident that it cannot accumulate above 

_ the equator, but must roll down the inclined plane 

which the upper surface of the atmosphere assumes to- 

wards the poles. As the surface of the atmosphere of 

the northern hemisphere is more inclined during our 

_ winter than that of the southern hemisphere, a greater 

- quantity of the equatorial current of air must flow over 

_ upon the northern than upon the southern atmosphere; 

so that the quantity of our atmosphere will be greater 
during winter than that of the southern hemisphere: 
but during summer the very reverse will take place. 


. Hence the greatest mercurial heights take place during 


winter, and the range of the barometer is less in sum- 
mer than in winter. 
The density of the atmosphere is in a great measure Airaccn 
_ regulated by the heat of the place : wherever the cold ming 4 | 
is greatest, there the density of the atimosphere will be Places. 


greatest, and its column shortest, High countries, and 


ranges of lofty mountains, the tops of which are cover- 
ed with snow the greatest part of the year, must be 
- much colder than other places situated in the same de- 
gree of latitude, and consequently the column of air 
__ over them much shorter. The current of superior air. 


iF 
a) 2 


—— 


"mercury sinks for every 200 feet of elevation be not proportioned to the 
- Iatitude of the place? 
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will linger and accumulate over these places in its pas- — 


sage towards the poles, and thus occasion an irre- 
gularity in its motion, which will produce a similar 
irregularity in the barometer. Such accumulations will 
be formed over the north-western parts of Asia and. 
over North America: hence the barometer usually 
stands higher, and varies“less there than in Europe, 
Accumulations are also formed upon the Pyrenees, the 


Alps, the mountains of Africa, Turkey in Europe, — 


Tartary, and Tibet. When these accumulations have 
gone on for some time, the density of the air becomes 
too great to be balanced by the surrounding atmosphere; 
it rushes down on the neighbouring countries, and pro» 


’ duces cold winds which raise the barometer. Hence the 


rise of the barometer which generally attends north-east 
winds in Europe, as they proceed from accumulations 
in the north-west of Asia, or about the pole; hence, 
too, the north-west wind from the mountains of Tibet 
raises the barometer at Calcutta. 


It is probable that considerable quantities of air are — 


occasionally destroyed in the polar regions. When this 


happens, the atmosphere to the south rushes in to fill 


up the void. Hence south-west winds take place, and 
the barometer falls. 
As the mean heat of our hemisphere differs in diffe- 


rent years, the density of the atmosphere, and conse- 
quently the quantity of equatorial air which flows to-— 


wards the poles; must also be variable. Hence the range 
of the barometer is different in different years. Does 


this range correspond to the mean annual heat; that is 
to say, is the range greatest when the heat is least, — 
and least when the heat is greatest? In some years _ 
greater accumulations than usual take place in the © 


a 


Me 


WEIGHT OF THE AIR. 


- mountainous parts in the south of Europe and Asia, 
4 owing, perhaps, to earlier falls of snow, or to the rays 
of the sun having been excluded by long continued fogs. 
_ When this takes place, the atmosphere in the polar re- 
gions will be proportionably lighter. Hence the pre- 

valence of southerly winds during some winters more 
me than others. 
} As the heat in the tangid zone never - differs cate 
the density, and consequently the height of the atmo- 
sphere, will not vary much. Hence the range of the 
barometer within the tropics is comparatively small ; 
and it increases gradually as we approach the poles, be. 
q cause the difference of the temperature, and conse~ 


; quently of the density, of the atmosphere i increases with 
fs, "the latitude. 


_ zone corresponding to the tides, observed by Mr Cas- 
_ san and others, must be owing to the influence of the 


moon on. the atmosphere. This influence, notwith-. 
standing the ingenious attempts of D’Alembert and se- 


_ veral other philosophers, seems altogether inadequate 
: to account for the various phenomena of the winds. It 
a is not so easy to account for the tendency which the 
_ barometer has to rise as the day advances, which seems 


to be established by Mr Cotte’s table. Perhaps it may 
be accounted for by the additional. quantity of vapour 


Bapentity of the atmosphere, may possibly be adequate 
to produce the effect. 


The falls of the barometer which precede, and the 
hi oscillations which accompany, violent storms and hur- 
_ricanes, show us that these phenomena are produced 
by very gteat rarefactions, or perhaps destruction of 


The, diurnal elevation of the barometer in the torrid 


added to the atmosphere, which, by increasing the. 
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barometer 


varies little 


between 
the tropics 
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: 


the barometer, too, that wanaiiad winds precees from 
the same cause. > 
The falling of the Hceometes tae generally pre- , 
cedes rain, remains still to be accounted for; but we 
- know too little about the causes by which rain is produ- — 
ced to be able to account for it in a satisfactory manner. 


7 i 
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SECT. II. oi 

OF THE TEMPERATURE OF THE AIR. — % 


i ‘ 


"Toven there is a considerable” difference in every 
part of the world between the temperature of the at- 
mosphere in summer and in winter ; though ‘in the 
same season the temperature of almost’every day, and — 
even every hour, differs from that which ‘precedes and 
follows it ; though the heat varies continually in the 


al ’ 
a a 


most irregular and seemingly capricious manner—still — 
there is a certain mean temperature in every climate, 
which the atmosphere has always a tendency to observe, 
and which it neither exceeds nor comes short of beyond 
a certain number of degrees. What this temperature. 
is, may be known by taking the mean of tables of ob- 
servations kept for a number of years; and our know- 
ledge of it must be the more accurate the greater the 4 
number of observations is. 2 
Method of The mean annual temperature is greatest at the e- — 
eis | quator (or at least a degree or two on the north side of ¥ 
nualten. it)» and it diminishes gradually towards the’ poles, — 


nual tem- 
perature. 


‘TEMPERATURE, 


; Nalloe i it is least. This diminution sill place i in arith. Chap. II. 
 metical progression ; or, to speak more properly, the 
annual temperature of all the latitudes are arithmetical | 
“Means between the mean annual temperature of thee- 
quator and the pole. This was first discovered by Mr 
Mayer; and by means of an equation which he found- =~ 
iy ed on it, but rendered considerably plainer and simpler, 
_ Mr Kirwan has calculated the mean annual temperature | 
‘of every degree of latitude between the equator and the ‘ ard: 
pole. He proceeded on the following principle. Let, 
the mean annual heat at the equator be m, and at the 
pole m—n; put © for any other latitude; the mean — 
annual temperature of that latitude will be m—2 xX sin. ) 
x If therefore the temperature of any two latitudes 
be known, the value of mand 2 may be found. Now 
» the temperature of north lat. 40° has been found by 
the best observations to be 62.1°, and that of lat. 50°, ie 
529°. The square of the sine of 40° is nearly 0.410, 
and the square of the sine of 50° is nearly 0.588. ih | i 
_ Therefore . “ | 
|  M— 0.41 n= 62.1, and | 
i Mh O. 58 m= 52. 9; therefore 
62.1 ---0.4t m= 52.9-+0.58 m, as each 

of them, from the two first equations, is equal to m, 
_ From this last equation the value of n is found to be 
53 nearly ; and m is nearly equal to 84. The meay 
} temperature of the equator. therefore is 84°, and that 
of the pole 31°. To find the mean temperature for eve~ a7 
_ ry other latitude, we have only to find 88 arithmetical ie 
‘Means between 84 and 31. In this manner Mr Kir- 
‘wan calculated the following TABLE: 


Be 
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TaBur of the Mean Annual Temperature of the Standard - 


Situation in every Latitude. 


~ 

Lat. | Temper. |} Lat: | Temper. Temper. 
OO aT ee Or ages 69.1 
8g | 31.04 }| 60 |} 44.3 | 69.9 
88 | 31.10 || 59 | 45-09 70.7 
87 | 31-14 || 58 | 45.8 7165 
86 | 31.2 57 | 46.7 Tie 
85 | 31-4 |} 55 | 47-5 72.8 
84 | 31-5 |] 55 | 48-4 7348 
83 | 31-7 || 54 | 49-2 1465 
82 | 32- =H 53 | 502 75-4 
Sr | 32.2 $2 | 51.8 45.9 
86 | 32.6 Riel Sere 76.5 
FS i a Makar | ie ais Ba ae td be 
78 | 33-2 || 49 | 53:8 77:8 
77.| 33-7 | 48 | 54-7 78.3 
76 | 34-1 ll 47 | 55-6 78-9 
75 | 34-5 |} 46 | 56.4 79-4 
74 | 35 AS SLES 7959 
731 35:5 |] 44 |. 58-4 80.4. 
42.| 36. 43.| 59-4 80.8 
41 | 36.6 42 | 60.3 81.3 
40 | 37.2 4tr| 61.2 81.7 
69 | 37-8 4o | 62. $2. 
68 | 38.4 || 39.) 63. 82.3 
67 | 39-2 || 38 | 63-9 82.7 
66 | 39.7 37 | 64.8 82.9 
65 | 40.4 |] 36 | 65-7 83.2 
64 |°41.2. |] 35 | 66.6 83-4 
63 | 41.9 }} 34 | 67-4 | 83.6 
oe We eC | 68.3 84 


33 


This Table, however, only answers for the tempera~ 
ture of the atmosphere of the ocean. It was calculated 
for that part of the Atlantic Ocean which lies between | 
the 8oth degree of northern and the qsth of southern — 


my 
\ : 
ren 
. 
+ 


ati hide, fanid extends westwards as far Be the Gulf 


stream, and to within a few leagues of” the coast of A~ 


merica; and for ali that part of the Pacific Ocean reach- 


‘i iy Jat. 45° north to lat. 40° south, from the 20th : 


to the 245th degree of longitude east of London, This 
‘ part of the ocean Mr Kirwan calls the standard ; 
_ ‘test of the ocean is subject to anomalies which will ‘ 
_ afterwards mentioned. 
_ Mr Kirwan has also calculated the mean monthly 
_ temperature of the standard ocean. The principles on 
which he went were these: The mean temperature of 
April seems to approach very nearly to the mean an- 
nual temperature ; and as far as heat depends on the 
action of the solar rays, the mean heat of every month 


of. the sun’s altitude. The mean heat of April, there- 
fore, and the sine of the sun’s altitude being given, the 
mean heat of May is found in this manner: As the 
_ Sine of the sun’s mean altitude in April is to the mean 
heat of April, so is the sine of the sun’s mean altitude 
i in May to the mean heat of May.. Inthe same manner 
_ the mean heats of June, July, and August, are found ; 

but the rule would give the temperature of the suc- 
ceeding months tco low, because it does not take in the 
heat derived from the earth, which possesses a degree 
of heat nearly equal to the mean annual temperature. 
The real temperature of these months therefore must 
be looked upon as an arithmetical mean between the 
astronomical and terrestrial heats. Thus in latitude 
¢ a’ the astronomical heat of the month of Septem- 
er is 44.6°, and the mean annual heat is 5§2.4°; there- 


0: bre the real heat of this month should be 44.6-52, a 


* 2 
Vor. III. U | 


is as the mean altitude of the sun, or rather as the sine 


i a 
Mean Sty a 
monthly os: 
tempera+ +0 ee 
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= 48.5. Mr Kirwan, however, after going through 4 — 
tedious calculation, found the results to agree so ill 


' with observations, that he drew up the following Ta- 


BLE, partly from principles and partly by studying a 


variety of sea journals. 


Tase of the Monthly Mean Temperature of the Stand- 
ard from lat. 80° to lat. 10°. 


12,°(9 7° 


Lat. )80°| 79°| 78° 77 °| 79° 75°| 74°] 73° 


» gta AGE UG SUSIE FREE MUAH EDA ds 


Jan. 22. |22.5]23. |23.5 hs. 14.5125- \25. ane 26.5 


Feb. |23. (23. |23-5)24. [24.5|25- |25.5/26. 26 He 
Mar. |27. |27-5/28. |28. $129. 29.5|/30+ (30-631. {31-5 
Apr. |32-6)32-9]33-2 33-7.34-1/34-5/35+ 35:53 136.6 
May |36.5|35.5137- |37-5/38- [38.5139- (39:5 49 |49-5 
June |5r. [5t- [51-552 [52+ 52+ |52.5.53. 53-S\54> 
July “|50. |50. |sorgi5t- [st /5t- §1.5)52+ 152-55 3- 
Aug. 39-5/40. 141. (41. 542+ 42-5143. 43-5 44. 144-5 
Sept. |33-5134+ ]34-5135- [35-5)36- |36.5:37- 38. 38.5 
Oct. |28.5]29. |29-5)39+ 130.5)31- |31-5|32- 32.5133. 
Nov. |23. |23.5/24, [245/25 lie bee [2-597 275 
Dec. }22.5|23-.|23.5/24. ay tloe: 25. 5126. 26. gl27. 


Lat. P29, 69°| 68°1.67°) 66°| 65 | 64°) 63° 62°| 61° 

Jan. |27. |27.5/27-5]28. j28. |28. j2g. 130. |3E- 132- 

Feb. |27.5|28. |28. 128. si2g. 130. 132. 132- 133: |[34- 
Mar. 132+ |32-5)33* 133-5 34° 35+ 136+ [37+ 138+ 139. 
Apt. |37+2/37-9138-4139-1/39-7|40-4/42.2142.0142.7143.5 
May |4t- |41-5/42- |42-5143- |44- 145+ [46+ |47- |48. 
June [54 |54+5)54-5]54-5155+ [55> [55-515 5+5150- |5O- 
July (53-515 3-5153°5154+ |54-5|54-555> [95> [5551555 
Aug. 145. [45+ nya 47. 148. 148.5149. go. 15 I+ |§2- i 
Sept. 139. |39:5'40 |4t. |42- 143. 44. 145 140s |47- 4 
Oct. 33 5134+ 34+ |35+ [35+ 137» 137+5/38- [39+ |40- 
Nov. 128. |28.5129. |30- |31- 132. |32-5/33- [34° 135+ 
Dec. 127.5|28. 128. '|29. |30.- 130.5131. 31+ [32+ 133+ 


- 


Lat, 160 | 59° | 58°) 57°) 56°) 55°) 54° 
Jan. 133. [34- 135+ |39. /37. [38. [39- [40. lax. [42. 


| Feb. 135. |36.. [37. (38. [39- lao. lane 4s l43- [44 
»Mar.jao. |qz. 42. [43. 5+ 146. |48. 149, 52- 
hSDN EL SMR ie cal 


May |49- |so- [51. [52. 153. 154. [55 [56s [57 [58e 
June |56. 156.5 157. |57- |57-5158- |58.5]59- [s9. [60 
July |56. 156.5 157. 157-5158. [59- |60. lor. (62. 63. 
Aug. 153.154. |55- 56. 57 158. [59. 60. jOr. (62. 
Sept. |48. |49. Iso. {oz SIS Fl. 4e 15g 6Oe (oF 
Oct. Iqz. }42. [43 |44. lag. 146. [47. 148. [49. |5o. 
Nov. /36. ]37. 138: /39: |40. |4zo |42- 143. [44.5146 
Dec. 134. 135. 136. 137. 138. !39. 40. lat. l42. lag. 
 — = 

Lat. | 50° 49°! 48°| 47°] 46% 45°! 44°] 43°| 42°] 42° 
Jan. 142-5/43.5/43. fe et 44.5(45. 145-5|46. 146.5 
Feb. |44-5144-5)45- 145-5/49- 146.5147. (48. 49. |50. 
wey 59-5}5 E+ 152-5153. 153-515 4-5/55-5150.5158. 5159.5 

pr 


: Paap ele ele ee ee soe 
§8.5/59. |60.1 16 63. |64. |65. 160. 67. 
! . |68. 169. |70. 
. (69.5140. 706 
69. 169.5 pie Mit epe): 

- 166. |68. {69.8 
FOSS Te 152+ 153: 154+ (55. 156. 157. 158. |59. 
- 146-5147. 148. |49. |50. |sr- 152.153. 154. |55. 
- 144.5145. 146. Iq7. [48. 49. }50. ist. (52. (53. 


ee 


—==————————————— 


40°| 39°] 38°] 37°| 36° 359], 


49-5/5E- 152+ 153-5155. rar 63. = 
53+ 196-5)58. |60. |6r. |62. 163. [64.5166. 167. 
. (G0. '|60.5)61. 162. 163. |64. |65. 66.5167. 5168. 5 
- (62.1163. |63.9/64. 8165 -7166.6}67.4168.3/69.1|69.9 
68. 69. |70. |70. 5/71. |yr-5h72. [y2.5143. yee 
MO-SI7Es TE. V7E~ 17 1-5)71-5172. 172.5173. 173. 
7X. /7T. 172. |72- 17 2.5172.5/72-5172.5173. 173. 
UB: |7E- 17%. (72-172 (72.5)72-5172.5172-5/93- 173. 
PEPC. 179. 5/71. |7 E6517 2. irae) Vine tre ae EE 1 ae 
> [O90. j6r. 162. 63. 64. 65. 66. 67. 5|638.5/69.5 
- 159. 157. 158. 159. |60. |61. 162. 163. 64.5165.5 
- 154. 155. 156. 157. 158. 159. |60.. OL. [62.5163.5 
| U2 


397 


wy, 
a + 
rd 


398 


gee: Lat. {30° 299) 28° 


| 

“Jan, 1163: 5163. 5153. 5.64. 64.5/65-5)57. |68. |69. In. 4 
Feb. 68. 5/68. 5159.5 69.5/70-5]71- 72+ 172. 172.5174. 15) 
Mar. |69.5)71. |72- 172.5173. 73+5174-5/75+ |75-5)79- 7° ; 


May 13e6\74-517 55 96. 7.5177-5178- 78.5179.5/80- 
June |73-5174+5|75+5 75: 7605/78. 78.5)79+ 179-580. [80-5 
Joly |73-5)74-5175+5 76- 176-5)78. 178.5179. 179 5|80- [80-5 
Aug. |73-5/74-5175-5 76- |76-5|78. 178.5)79+ |79-5180- [80.5 
Sept> 173-5174. 175-576. |76-5177-5178: | 
Oct. |70.5\91- Ie +5 7.25|73+ 173: ‘STA S|75- 75+5177> |78. 
Nov. {66.¢ 

Dec. 164. 5166. 6. 67.3168. 5\69-5)70- 


Lat. |*9 eS 7?) TO°l Teel fa" ae a bah Ute i i Z0° 
Jan. 72.5173. |73-5|74- |74.5/75- [75 76.5177. \a75 
Feb. 176. 76.5177. |77-5|78. |78-5179- |79:5|79:8)80- | 


“Mar, 177.5178. |78.5|79. |79.5|80. |80.8/31. abe 


‘Sept. Sx. |$1.5/82. [82-5183. 183. 83.5184. |84-3184.0 
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25° 24°| 23 °| 22° 


Ce ee td “OAR cee ce | oe eer > | ce | ee fe ee ee eee erwend 


78.5)79- 179: Fikes 4 


73: if 74.5l75* [75-5 
7152 


Apt. |78.3178.9|79.4|79 9/80.4/80. 8/81. 3/31-7}82, 82.3 
May |8r. |81.5/82. |82.5/83. |83. |83.5184- |84. |84.3 © 
June Bt-si82. 82.5/83. |83.5123.8184. |84-3/84.6184.8 | 

Bab ioe 82.01/83. 183.5183-8184. 184+3/84.6184.8 — 
Aug. | Busia 82.5183. |83.5/83.8/34, |84:3184.6/84.8 — 


Oct.. 14g. |80. [8r. |8r- 5/82. 82.5133. 83. 683.8184. 
Nov. 6. 77. 178. 178-5179: 179-580. |80.5/S0.5)81.. 4 
Dec. [73- |74. |75- 175-5175- 176.5177- (77-5178 ves) 4 


- From this ‘Table it appears-that January 3 is the cold- , 
est month in every latitude, and that July i is the warm- 4 
est month in all latitudes above 48°. In lower latitudes ; 
August is generally warmest. ‘The difference between ; 
the hotest and coldest months. increases in pygportion 
to the distance from the equator. Every habitable la- 
titude enjoys a mean heat of 60° for at least two months; | 
this heat seems necessary for the production of corn. 
Within ten degrees of the poles, the temperatures dif- 
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Es very little, netther do they differ much within ten 
degrees of the equator; the temperature of different 
years differ very little near the equator, but they differ 
more and more as the latitudes approach the poles. 
_ The temperature of the earth at the level of the sea is 
the same with that of the standard ocean ; but this tem- 
t elena gradually diminishes as we ascend above that 
level till, at a certain height, we arrive at the region of 
‘perpetual congelation. ‘This region varies in height ac- 
cording to the latitude of the place ; it is highest at the 
quator, and descends gradually nearer the earth as we 
approach the poles. It varies also according to the sea- 
“son, being highest in summer and lowest in. winter. 
i . Bouguer found the cold on the top of ‘Pinchinca, 
lone of the Andes, to extend from seven to nine degrees 
below the freezing point every morning immediately 
before sun-rise. He concluded,: therefore, that the 
mean height of the term of congelation (the place where 
it first freezes during some part of the day all the year 
round) between the tropics was 15,574 feet above the 
level of the sea; but in lat. 28° he’ placed it in sum- 
mer at the heigh of 13,440 feet. Now, if we take the 
difference between the temperature of the equator and 


the freezing point, it is evident that it will bear the same 
“Proportion to. the term of congelation at the equator. 
that the difference between the mean temperature of 
any other degree of latitude and the freezing point bears 
to the term of congelation in that latitude. Thus the 
mean heat of the equator being 84°, the difference be- 
ween it and 32 is 523 the mean heat of lat, 28° is. 
j2.3°, the difference between which and 32 is 40.3: 
es? BEGG Y Pex 40-3 > 12072. In this manner Mr 
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* If the elevation of a country above the level of the sea 


t proeeeds at a greater rate than six feet per mile, we must, 
.. according to Mr Kirwan *, for every 200 feet of eleva- 
tion diminish the annual temperature of the standard i in 
that latitude as follows. If the elevation be at the rate of 
6 feet per mile, + of a degree ek 
ie i een a 
ae “i ge Lo abelian esol 
fe. 15 or upwards . + 
Tempera- 
taeer. According to him ¢ also, for every 50 miles stance 
distance from the standard ocean, the mean annual temperature in. 
from the ; ‘ 
6Ca. ee \ 
et | *® Temperature of Lighitiives, P- 43. + Ibid. p. 45. “a 
: * 
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"different ea dees is to be depressed or raised near Lt hig. aa 
P y \ ; 


é ei 
od following rate : é' yora ¢ peste | oe 
From lat. 70° to lat 35° depressed 3 3 of a a degree at Le 
ith 
35. ete 3&- i wee = ¥ : ‘ 
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_ The cause of the heat of the atmosphere is evidently Variation. 

_ the sun’s rays; this has been observed and acknowledged abil oe 

in all ages. » The heat which they produce is less ac- plained. 

_ cording as they fall more obliquely; hence the tempe- } 
rature constantly diminishes from the equator to the 
pole, because their obliquity constantly increases with 
the latitude. But if the heat depended on the solar 
rays alone, it would disa appear in the polar regions du- 

ring winter when the sun ceases to rise. This, however, _ 

| is by no means the case; the mean temperature, even 

at the pole, is 31°; and we find within the arctic circle 

as hot weather as under the equator. The reason of 
this is, that the sun’s rays heat the earth considerably | 
Paging summer: this heat it retains aud gives out } 
slowly during winter, and thus moderates the violence) - 
p of the cold; and summer returns before the earth has | 

_ time to be cooled down beyond a certain degree. ‘This. a 

“is the reason that the coldest weather does not take —' . 

- place at the winter solstice, but some time after, when 

the temperature of th xe earth is lowest; and that the 
greatest heat takes place also some considerable time 


after the summer solstice, because then the temperature 


of the earth is highest. For pure air is not heated by 

the solar rays which pass through it, but acquires slowly ate 

the temperature of the earth with which it is in contact. 
hi ; : U 4 : 
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| Book. This is the reason why the temperature decreases ace 
xe cording to the elevation above the level of the sea. P3 

_ Since the atmosphere is heated by contact with the 
i 3 superficies of the earth, its temperature must depend — 
me ) upon the capacity of that superficies for receiving and a 
| transmitting heat. Now this capacity differs very much — 
in land and water. Land, especialy when dry, receives” 
heat with great readiness, but transmits it through its 
a own substance very slowly. Dr Hailes found, that in 
1724, when the air and surface of the earth were both at 
$8°,a thermometer placed only two inches below thesanill q 
face stood at 85°; another 16 inches below the surface, “4 
at 70°; and another 24 inches deep, at 68°. The two last . 


mentioned thermometers retained the same temperature. a 
till the end of the month, though the temperature of _— 
the air frequently varied, and then fell only to 63° or 
h as ee a 61°. The earth, at about 80 or 90 feet below its sur- a 
E - face, constantly retains the same temperature ; and this Mg 
“f is nearly equal to the mean annual heat of the country. 
A Hence the mean annual temperature of any country . 
may be found out pretty accurately by examining the | : 
heat of deep wells of s springs. Water, on the contrary, — 
receives heat slowly, on account of its transparency 3; 4 
but what it does receive, is very quickly carried through 
the whole mass. | | a 
Land is often heated and cooled to a much greater "i 
degree than sea is. Dr Raymond often found the earth 
in the neighbourhood of Marseilles heated to 170°, but. ‘* 
he never found the sea above 74°; in winter the earth 
was often cooled down to 14°, but the sea never lower 


‘than 45°. The.sea atmosphere, therefore, ought to 


preserve a much more uniform temperature than . the a 
Jand atmosphere ; and we. find this in fact to be the — 
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ec | 
ee ‘The cause of the greater equability of water than Chap. 
land i is evident. In summer the surface of the sea is 
constantly cooled down by evaporation ; and in winter, 
_ whenever the surface is cooled, it descends to the bot- 
tom from its increased gravity, while its place is sup-. 
- plied by warmer water. This process goes on conti-~ 
ue nually, and the winter is over before the atmosphere 
has been able to cool down the water be goad a certain: 
i degree, 
_ These observations will paakia us to explain the dif 
_ ference which takes place between the annual tempera- 
_ ture of the atmosphere above the ocean and that of 
] places at some considerable distance from it. As the 
: sea is never heated so highly as the land, the mean sum- | 
t 1er temperature at sea may be considered all over the 
Vv vorld as lower than on land. During winter, when the 
7 “Power of the sun’s rays in a great measure ceases, the 
7 BP earth’; the mean winter temperature therefore at sea is 
higher than on land; and in cold countries the difference 
is so great, that it more than counterbalances the diffe. gay? 
- rence which takes place in summer ; so that in high la- 
‘titudes the mean annual temperature ought to be great- 
er at sea than on land. Accordingly from lat. 70° to 
35° , to find the temperature of a place, the standard 
‘temperature for the same latitude ought, according to 
Mr Kirwan, to be depressed zd of a degree for every 
[5° miles fistenres for the cold Which takes ipl in 


ithe annual mean. In tiiees latitudes Mass 30°, the 
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-s€a gives out heat to the air much more readily than the ne 1 
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Exceptions, 


x. North 
Pacific 
Ocean. 


2, Southern 


hemisphere. 


‘rays during winter increases so that the mean winter 


~ which come now to be rhentineidd: 


“Mr Kirwan concludes, that its temperature 1: is at least ‘* 
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rays of the sun, even in winter, retain considerable 

se 
power ; the surface of the earth is never cooled very am 
low, consequently the difference between the annual — sy 
temperatures of the sea and land becomes less. As we 


approach nearer to the equator, the power of the solar 


temperature of the land atmosphere approaches nearer © 
and nearer to that of the sea, till at last at the equator a 
it equalsit. After we pass lat. 30°, therefore, the mean a 
annual land temperature gradually exceeds that of the ee 


ey 


sea more and more, till at the equator it exceeds it adeee 


gree for every 50 miles distance. A 

Such then, in general, is the method of finding he eo 
mean annual temperature over the globe. ‘There are, * 
however, several exceptions to these general rules, 4 


That part of the Pacific Ocean which lies between 
north lat. 52° and 66° is no broader at its northern ex- 
tremity than 42 miles, and at its southern extremity me 
than 1300 miles: it is reasonable to suppose, therefore, a 
that its temperature will be considerably influenced by — 
the surrounding land, which consists of ranges of moun- 
tains covered a great part of the year with snow; and 
there are besides a great many high, and consequently _ By 
cold, islands scattered through it. For these reasons 


4 or 5 degrees below the standard. But we ave not yet ; 
furnished with a sufficient number of observations. to a 
determine this with accuracy. . . 

It is the general opinion that the southern hemis- — 
phere, beyond the goth degree of latitude, is consider- . 
ably colder than the corresponding parts of the north-. 
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: bs ern Bhcmispheré. The potable cause of which will be) Chap. IL 
assigned in the Fourth Section of this Chapter. 
; Small seas surrounded with land, at least in tempe-. 3. small 
rate and cold climates, are generally warmer in sum- te ea 

mer and colder im winter thas the standard ocean, be-— | je 
_ cause they are a good deal influenced by the tempera- 
ture of the land. ‘The Gulph of Bothnia, for instance, | 
is for the most part frozen in-winter; but insummer | | 
it is sometimes heated to 70°; a degree of heat never | 
to be found in the opposite part of the Atlantic*. The 
German Sea is above three degrees colder in winter, | | 
and five degrees warmer in summer than the Atlantic}. 
The Mediterranean Sea is, for the greater part of its 


{ extent, warmer both in summer and winter than the 
: t Atlantic, which therefore flows into it.) The Black Sea 
is colder than the Mediterranean, and flows into itt. 
The eastern parts of North America are much colder " 
than the opposite coast of Europe, and fall short of the sate | 
standard by about to° or 12°, as appears from Ame- 


: 

} 4 

Qa 

rican Meteorological Tables. The causes of this te- | ie 
: 

“ 


_ markable difference are many. The highest part of 
_ North America lies between the goth and goth degree ; 
of north latitude, and the 1ooth and rtoth degree of ° yi ae 
t longitude west from London ; for there the greatest ri- \ a 
vers originate. The very height, therefore, makes this. 6° ° 

spot cglder than it otherwise would be. It is covered 
with immense forests, and abounds with large sw nivt's 
“and morasses, which render it incapable of receiving 

any great en ree of heat ; so that the rigour of winter 
is much less tempered by the heat of the earth than j in 
P the old continent. To the east lie a number of very 


ee 


j * Mm, Stock. 776. ° + Kirwan’s Temperature of Lat.p.53. ° + Ibid, 
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large eects ; and falibeis tai ‘Hudson’s Bay ; about 
50 miles on the south of which there is a range of 
mountains which prevent its receiving any heat from 
that quarter. This bay is bounded on the east by 
the mountainous country of Labrador and by a number 


| of islands. Hence the coldnes of the north-west winds 


and the lowness of the temperature. But as the culti- 
vated parts of North America are now much warmer 
than formerly, there is reason to expect that the cli- 
mate will become still milder when the country is bet~ 
ter cleared of woods, though perhaps it will never — 
the temperature of the old continent. 

Islands are warmer than continents in the same de- 
gree of latitude; and countries lying to the windward 
of extensive mountains or forests are warmer than those 
lying to the leeward. Stones or sand have a less ca- 
pacity for heat than earth has, which is always some- 
what moist; they heat or cool, therefore, more rapidly 


and to a greater degree. Hence the violent heat of 
Arabia and Africa, and the intense cold of Terra del” | 


Fuego. Living vegetables alter their temperature very 
slowly, but their evaporation is great; and if they be 
tall and close, as in forests, they exclude the sun’s rays 


- from the earth, and shelter the winter snow from the 


wind and the sun. Woody countries, therefore, are 
much,colder than those which are cultivated. —* 
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W: fornia reason formerly to conclude, that the wa- 
ter of the atmosphere exists in the state of vapour. 
We are indebted to the experiments of Saussure 
if and De Luc for much of our knowledge of the qua- 
- ities of vapour. It is an elastic invisible fluid like Nature of 
common air, but lighter ; being to common air, accord~ V*POU" 
a is to Saussure, as 10 to 14, or, according to Kirwan, 

} ~as.to to 12: it cannot pass beyond a certain maximum | 
of density, otherwise the particles of water which com- 

| ' pose it unite together, and form small, hollow, visible é 
3 vesicles, called vesicular vapour ; which is of the same 
specific gravity with -atmospherical air. It is of this. 
cs. vapour that clouds and fogs are composed. This maxi- 
") mum increases with the temperature; and at the heat _ iept 
Bt of boiling water is so great, that steam can resist the 
‘4 whole pressure of the air, and exist in the atmosphere i 
in any quantity. yr "eae 


Evaporation, at least in our climate, is about four Quantity of 
moisture e= 
; ey vaporated 
year: other things being equal, 1t is so much the more annually, 


_ times greater during the summer than the winter half. 


_ abundant the greater the difference is between the tem- 
perature of the air and of the evaporating surface; so“ 
b much the less, the nearer they approach to the same 
‘temperature ; and least of all when. they actually ar-. 6 


‘rive at it, Whenever the atmosphere is more than 1 5 


METEOROLOGY, 


degrees colder than the evaporating surface, little eva- 
poration takes place at all. Evaporation is powerfully 
promoted by winds, especially cold winds blowing into 


warm countries, or warm winds blowing into cold - 


countries*. Tracts of land covered with trees or ve- 
getables emit more vapour than the same space covered 


with water. From the experiments of Mr Williams, the _ 


quantity appears to be one-third more+: but the me- 
thod in-which these experiments were made (the same 
objection. lies against several of Dr Hailes’s experi- 
ments, the original discoverer of the fact) prevented 
him from ascertaining exactly the quantity of vapour 
emitted by plants. He made the plants grow in a box 


well closed up from the air, measured the quantity of © 


water with which he supplied them, and at the end of 
the experiment weighed the box and the plants them- 
selves. By this means he knew pretty accurately the 
quantity of water which the plants had absorbed, and 
which had afterwards disappeared ;. and all this he con- 
cluded had been emitted by the plants in the state of 
vapour. But it is possible that plants have the 


» : 


power of decompounding water, of retaining the hy- 


drogen, and throwing off the oxygen. A part of the 
water then might be changed into air; and the quan- 
tity of this ought to have been ascertained and sub- 


tracted. Still, however, the quantity of vapour emit- 
ted by vegetables is very great. Evaporation is pro- 
moted by heat, and is therefore much greater in the 
torrid zone than in our latitudes. There, too, the dif. 


ference between the quantities in summer and winter — 


is much less than in our climate, because the difference 


* Tenrperat. of Lat. p. 12. + Trans. Philad, ii, 192. 
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; fee ol the temperature of the two deans, is less. 
¥ Animals also are continually throwing off vapour by 
_ insensible perspiration; the quantity of which is ex- 
- ceedingly different, according to the climate, season, and 
J _ temperament, and cannot therefore be calculated exact- 
dy; ; but it must be very great. 
From an experiment made by Dr Watson in Eng- 


~ jand, during summer, when the earth had been burnt _ 


up by a month’s drought without rain, it appears that 
acre in 12 hours.—If we were to suppose that this re» 


it would be easy to calculate the quantity of water 
annually evaporated from the whole of its surface. 
And if we consider the state of the earth when the ex- 
_ periment was made, the situation of England nearer the 


4 pole than the equator, and the evaporation constantly 
- going on from animals and vegetabies, which is not ta- 
ken in, we will surely not think the mean assumed too 
great. 1600 gallons in 12 hours is 3200 in 24 hours. 
Let us call it only 3000, which is equal to 693,000 cu- 


bic inches. An acre contains 272,640 square inches ;_ 
_ So that the daily evaporation from every square inch | 


a 


_ will amount to somewhat more than 4o cubic inches 
_ for every square inch. From the experiments of Mr 
_ Williams*, it appears, that in Bradford in New Eng- 


land the evaporation during 1772 amounted to 42.6 

inches. But from the way that his experiments were 

4 conducted, the amount was probably too great. These 

_ experiments, however, serve to show that our calcula- 
ed 


ee ee 


*® Trans. Philad. ii, 135. 


_ 1600 gallons of water were evaporated from a single | 


presented the mean daily evaporation all over the globe, 


; 
i will be about:o.12 of a cubic inch. This in a year 
4 
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tion is not perhaps very remote from the truth. Now ion x 
inches from every square inch on the superficies of the — 
globe make 107,942 cubic miles, equal to the water an- : 
nually evaporated over the whole globe. . a 
Were this prodigious mass of water all to subsist in 


the atmosphere at once, it would increase its mass by 


about a twelfth, and raise the baromieter nearly thre *, 
inches. But this never happens, no day passes with- — 
out rain in some part of the earth ; so that part of the — 
evaporated water is constantly precipitated again. Ta ‘ 
deed it would be impossible for the whole of the eva- | 
porated water to subsist in the atmé@sphere at once, at — 
least in the state of vapour. | 

The higher regions of the atmosphere contain less va- : 
pour than the strata near the surface of the earth, This 
was observed both by Saussure and De Luc, who men- i 
tions several striking proofs of it. 

At some height above the tops of mountains the at- 
mosphere is probably still drier ; for it was observed 
both by Saussure and De Luc, that on the tops of , 


ie 
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mountains the moisture of the air was rather less du- 
ring the night than the day. And there can be little — 
doubt that every stratum of air descends a little lower 
during the night than it was during the day, owing to. | 
the cooling and condensing of the stratum nearest the — 
earth, WVapours, however, must ascend very high, for 
we see clouds pani far above the tops of the high- » i 
est mountains. ‘ Lear 

Rain never begins to fall while the air is transpa- — 
rént : the invisible vapours first pass their maximum, — 
and are changed into vesicular vapours; clouds are 4 
formed, and these clouds gradually dissolve in rain. 
Clouds, however, are not formed in all parts of the ho- 


4 
‘ 


’ 


tizon at once; the formation begins in one particular | Chap. Il. 


spot, while the rest of the air remains clear as before: 


horizon, and then the rain begins. 


It is remarkable, that though the greatest quantity 


_ this cloud rapidly increases till it overspreads the whole 


of vapours exist in the lower strata of the atmosphere, 


_ clouds never begin to form there, but always at some 


i 


: 
Q 


considerable height. It is remarkable, too, that the part 
of the atmosphere at which they form has not arrived 
at the point of extreme moisture, nor near that point 


€éven a moment before their formation. They are not 


formed, then, because a greater quantity of vapour had 


got into the atmosphere than could remain there with- 
out passing its maximum. It is still more remarkable, 


that when clouds are formed, the temperature of the 
spot in which they are’ formed is not always lowered, 
though this may sometimes be the case. On the con- 


trary, the heat of the clouds themselves is sometimes. 


greater than that of the surrounding air *, Neither 


then is the formation of clouds owing to the capacity of 


air for combining with moisture being lessened by cold: 
so far from that, we often see clouds, which had remain- 
ed in the atmosphere during the heat of the day, disap- 
pear in the night, after the heat of the air was dimi- 
nished, 

The formation of clouds and rain, then, cannot be ac- 
counted for by a single principle with which we are ac- 
quainted. It is neither owing to the saturation of the 
atmosphere, nor the diminution of heat, nor the mix. 


ture of airs of -different temperatures, as Dr Hutton 
Bis poses ; for clouds are often formed without any 
3 
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Y ing I. wind at all either above or below them ; and even if . 
this mixture constantly took place, the’ precipitation, — 
instead of accounting for rain, would be atic sed ae a 
ceptible. bit ei: 
It is a very remarkable fact, that’ evaporation. often. ; a 
| mech on for a month together in hot weather without _ | 

: any rain. This’ sometimes happens ‘1m this country 5 
a it happens'every year in the torrid zone. Thus at’ Cal- ay 
cutta, during January 1785, it never rained at all Behr 
fae the mean of the thermometer for the whole month w s ce i 
Nae 662.degrees; there was no high wind, and seed due y 
: Pye ring great part of the month little wind at,alliygyse* e 
abs : ‘The quantity of water evaporated | sane such ay 
Pa a ie drought must be very great ; yet the moisture of the 4 
Raye ; i air, instead of being increased, is constantly diminish- ty 4 
ing, and at last disappears almost entirely. For the dew, 
which is at first copious, diminishes every night; 3 and — e 
if Dr Watson’s experiment formerly mentioned bevat- 4 
tended to, it: will not be objected that the quantity of 
evaporation is also very much diminished. Of the very 
dry state to which the atmosphere is reduced, anne 
* Jong droughts, the violent thunder-storms with which - 
they often conclude’is a proof, and avery decisive one, q 
Now what becomes of all this moisture? It 1s not ace 
cumulated in the atmosphere above the country from 
ee aa which it was evaporated, otherwise the whole atmo- fi a 
ie sphere would in a much less period than a. month. be 
perfectly saturated with moisture. If it be carried up el 
daily through the different strata of the atmosphere, a 
and wafted to other regions. by superior currents of air, a 
how is it possible to account for the different electrical | 


—— 
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% Asiatic Researches, ii. Appendix. 
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| state of the otis situated bet sles different Strata, _ Chap. I. 
which often produces the most violent thunder storms? ~ 
Are not vapours conductors of the electric fluid; and 
Enid they not have daily restored the equilibrium 
Rot the whole atmosphere through which they passed? 
‘ Had they traversed the atmosphere in this manner, 
there would have been no negative and positive clouds, | 
‘and consequently no thunder-storms. They could not 
have remained in the lower strata of the atmosphere, 
and been daily carried off by winds to other countries ; 
for there are often no winds at all during several days, 
to perform this office; nor in that case would the dews 4 

d diminish, nor could their presence fail to be indicated by 

t ie hygrometer. 

“Itis impossible for us to account for this rematkable » a 
c fro upon any principle with which we are acquainted. 
The water can neither remain in the atmosphere, nor yo 
pass through it in the state of vapour. It must there- ba ie Ce 
Bore assume. some other form; but what that form dai : 
or how it assumes it, we knoe not. 

5.» Lhere are then two steps of the process between eva- 

poration and Tain, of which at present we are complete- a, 

ly ignorant: I. What becomes of the vapour alter it. 
enters into the atmosphere. 2. What makes it lay aside 
the new form which it must have assumed, and return 
again to its state of vapour, and fall down in rain, And 
till these two steps be discovered by experiments and 
observations, it will be impossible for us to give a ra 
tional or a useful theory of rain. | . 

‘Dr Pratt of Exeter has endeavoured to prove, ina __ 

very i ingenious treatise, that water is decomposed du- 

its evaporation, and converted into oxygen and hy- . , 

en gas ; but the absence of an y perceptible quan- iia th 
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Book I. tity of this last gas in the atmosphete, even Biber: rain 
Cercmme pamecse) . 
is actually forming, cannot be accounted for unless we 
suppose that the products of the decomposition are dif. 


ferent. Girtanner’s theory, that azot is composed of % 


. hydrogen and oxygen, would remove every difficulty ; # 


but unfortunately that theory is not only destitute of — +a 
ada but militates against the known properties of is 


tious in Pawlll» any conclusion till future discoveries | 
pat : _ have removed the obscurity in which the phenomena « o} 
| rain are at present involved. fs tec 
ine The mean annual quantity of rain is a ae at he 
aig is 
se Thus at 
* | * Granada, Antilles, 12° N. lat. it is 126 inches 
* Cape Frangois, St 7g. 

3 x Domingo. . . .19° 46! :.. . 120 
; ® FCaleutta... 2.622 23 .2-- SE we 
| “Rome. s+... +4 $4 30S. Skee ae 
P {England .... . 33 Rs ie bie *! 
Be Ns. (Petersburgh... . 59 62 dy 16 ; 
| % + Qn the contrary, the number of rainy days is smallest 3 
at the equator, and increases in proportion to the di, 
stance from it. From north latitude 12° to 43° the ‘i 
} _ mean number of rainy days is 78 ; from 43° to 46° the . 
mean number is 103; from 46° to 50° it is 134; from fs 
ugly to 60°, 161. ; ie 
’ The number of rainy days is often’ Kara! im winter 


—* Cotte, Four. de Phys. OS. 1791, p. 264. 
f Asivtic Researches, i, and ii, Appendix. 

, + Phil. Trans. § Edin, Trans. it, 44. 

Bare / | P:Cotte, Ibid. — 
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than i in summer ; but the soni’ at fain 1s greater in’ 
- summer than in winter *. At Petersburgh, the num- 
ber ‘of rainy or snowy days during winter is 84, and 
the quantity which falls is only about five inches ; due 
ring summer the number of rainy days is nearly the 
_. same, but Ure quantity which falls is about 11 inches t- 

More rain falls in mountainous countries than in 
plains. Among the Andes it is said to rain almost per- 
_ petually, while in Egypt it hardly ever rains at all. If 
A rain-gauge be placed on the ground, and another at 
q some height perpendicularly above it, more rain will 
» be collected into the lower than ints the higher; a proof 


ya 


that the quantity of rain increases as it descends, ow- 
. perhaps to the drops attracting vapour during their 
passage through the lower strata of the atmosphere 
- where the greatest quantity resides. This, however, is 
not always the case, as*Mr Copland of Dumfries dis- 
covered in the course of his experiments {. He ob- 
served also, that when the quantity of rain collected in 


the lower gauge was greatest, the rain commonly con- 


a ee 


was collected in the higher gauge only either at the end 
:. of great rains, or during rains which did not last long. 
§ These observations are important, and may, if follow- 
r ed out, give us new knowledge of the causes of rain. 
They seem to sliow, that during rain the atmosphere is 


ie somehow or other brought | into a state which induces 


% it to part with its ‘moisture; and that the rain cduti- 
~ nues /as long as this state continues. Were a sufficient 
number of observations made on this subject in different 


* P. Cotte, Four. de Phys, Oct. 1791, 264. 
+ Edin. Trans. ti. 242. t Manchest. Trans. iv, 619. 
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tinued for some time ; and that the greatest quantity | 


MESA: 


Chap. I. 


326 


Book I. 


“METEOROLOGY. ‘ 


places, and were the ‘atmosphere carefully analysed du. ie 


: ring dry weather, during rain, and immediately after i 


rain, we might-soon perhaps discover the true ae 
of rain. 
‘Rain falls in all seasons of the year, at all times of 


the day, and during the night as well as the day ; tho’ 5 } 
‘according to M. Toaldo, a greater quantity falls during _ 


the day than the night. The cause of rain, then, what- 
ever it may be, must be something which operates at all 7 
times and seasons. Rain falls also during the continu- | 
ance of every ‘wind, but oftenest when the wind blows | q 
from the south. Falls of rain often happen likewise du- 
ring perfect calms. 
“It appears from a paper published by M. Cotte 1m the P 


Fournal de Physique for October 1791, containing the 


mean quantity of rain falling at 144 places, situated | 
between north lat. 11° and 66°, deduced from tables” 
kept at these places, that the mean annual quantity of 
rain falling in all these places is 34.7 inches. Let: us 
suppose then (which cannot be very far from the as, | 
that the mean annual quantity of rain for the wiley 


1 
| 
4 


globe is 34 inches. The superficies of the elobe consists 
of 170, 981,012 square miles, or 686,401,498, 471,475,200 
square inches. “he quantity of rain therefore falling an- k 
nually will amount to 23,337,650,812,030,156,800 cu 4 
bic inches, or somewhat more than 91,7 51 eubic miles 
of water; This is 16,191 cubic miles of water less than 
the quantity of water evaporated. . It’ seems” probable, — 5: 
therefore, if the imperfection of our data warrant any F 
conclusion, that some of the vapour is actually decom.~ — 


wii 
‘ 


pose “dj in the atmosphere, and converted into oxygen ~ 


~~’ 


and hydrogen gas. ae 
The dry land amounts to 52,745,253 square miles ; i 


at ae fe bn oy! 
i: t i 1 ; in ae 
al ' i Jie 
hes ’ 4 its des 
he | ous aber Wh k i i x aie { AL teal Way 
h i \ Phat | UN: - 
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the ‘quantity a rain falling on it anntially: therefore will Chap. i 
amount to 30,950: cubic miles. The quantity of water, 
running annually into the sea is 13,140 cubic miles ; 5 a he Mt i 
quantity of water equal to which must be supplied byt) Ree 
“evaporation from the sea, otherwise the land would soon’ a 

be completely drained of its moisture. “RG: OO RMR iy 
The quantity of rain falling annually in Cicede Brie Bea in 


ritain, , 
“tain may be seen from the following Tasie: pain, ORM aS men ae aie 


Rain in ; aes 


Places. inchs, 


f Dawertw 4,2. Peeks, ren Hy A ihe 

Ware, Hertfords hire * SO, > f 
‘London +. wife oe etna lee We EZ | , ( 
Kimbolton t ' . SN Ss Wik eM Mak i * 
Lyndon § . yt tacat0 «| ae 
Chatsworth} Derby abies PoE Ha] Ca BGg tes i ae 
Manchester * aie ael Me ehh aaa ay. 
Teva aa rei e. . es) 
PEE elo ee itele ae 4 ane hon Re 
aay. es OF. 224 
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DPT PISS 4) y cyt g ye Ag 365124 ua 
Braxholm, 44 miles: south-west | ; i 
of Berwick | RECO ORR ere 3h.26 ° Peary |. 
RGMPUOMN God ek wed erkte kt! 20.72 fee a 
Hxietth et ee ee ee, Tay, 4 oi, 
SLA gOW A, HPP PT ERS eh ch en hoa i 
Paw bil A? vcs ces eh peas 28.966 ea 3.1, 
Petia fe ihe 
- wi) 
+ ‘ * “ : ¥ 
* Manchest. Trans. iv, Re f+ Phil. Trans. Tables of Obse vintians: 
* “4 Ibid. vol. Ixxix. part I. § Mr Barker, Ibid. us 
“|| Edin. Trans.i. 208. q Statist. Account of Scotland, V. 245. 
“#*® Edin, Trans, i 333. ' 
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absolutely necessary to preserve the salubrity of the at- a 
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~ In this country it generally rains less in March than 
in November, in the proportion at a medium of 7 to — 
12. It generally rains less in April than. October i in the 
proportion of 1 to 2 nearly at a medium. It generally — 


rains less in May than September, the chances that it 


does so are at least as 4 to 3; but when it rains plen- 
tifully 1 in May (as 1.8 inches or more), it generally — Bf. a 
rains but little in September ; and when it rains one 
inch or less in May, it rains plentifully i in September *, i 


SECT. IV. 


OF WIND. 


No phenomenon in meteorology has more engage ine | 
the attention of men of observation than the winds, or 
those currents which so often disturb the tranquillity of . ‘ 
the atmosphere. The subject is not only curious, but 

highly interesting; for upon their direction and force 
navigation in a great measure depends; the temperature q 
of climates is greatly influenced by them; and they are * 


mosphere. ‘To be acquainted with the laws by which — 
they are regulated, and to be able to calculate before- 
hand the consequences of these laws, has been in enety 4 
age the eager wish of philosophers. But whether it has 
been owing to an improper method of studying this sub- 


ject, or to its lying beyond the reach of the human fa- J 


* Kirwan, Irish Trans. v. 21. 


4 7 pia 3 mart WIND. fe why hk 

ef 3} “s q 
culties, Philcse tier: have not made that progress in it 
which the sanguine imaginations of some individuals led 
them to expect. Many discoveries indeed have been 


‘made; and from the numbers and the genius of the 
. equally important may be expected. But, notwithstand- 


_ ed, and a rational and_ satisfactory theory scems still 
_ beyond our reach, I shail in this Section give as com. 
| plete a detail ag possible of the natural history of the 
_ winds in the different parts of the world, and then con- 
"sider how they may be explained, : 

_As the winds are much more. regular between the 
tropics than in the temperate zones, it will be proper in 
_ the first place to begin with them. 

F In those parts of the Atlantic and Pacific Oceans 
which lie nearest the equator, there is a regular wind 
_ during the whole year called the trade-wind. On the 
north side of the equator it blows from the north-east, 
_ varying frequently a point or two towards the north or 
east; and on the south side of it, from the south. east ; 
_ changing sometimes in the same manner towards the 
south or east. 
and fifth degree of north latitude is the internal limit of 
"these two winds. ‘There the winds can neither be said 
E to blow from the north nor the south; calms are fré4 
quent, and violent storms. This space varies a little in 
latitude as the sun approaches either of the tropics. — 
In the Atlantic Ocean the trade-winds extend farther 
north on the American than on the African coast; and 
as we advance westward, they become gradually more 
easterly, and decrease in strength * Lheir force di- 

eee A 


#€ Dr Halley, Phil, Trans, Abr. vol, ii. Pp. 134. 


philosophers at present engaged in this study, others 


4 ing this, many of the phenomena remain unexplain- 


‘lhe space included between’ the second . 
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1. Winds in Y 


the torrid 
zone. 


‘ 


Trade. 


wind, 


. Mionsoons, 


miitiahes tikéwilse as we ajprdibh their latitiost boun= 


become gradually more southerly, and the north-east | 
‘winds more easterly: exactly the contrary slid 4 
when the sun is approaching the tropic of Capricorn*. — es 


from the north-west}. Between Sumatra and New | 


daries. “It has been remarked also, that as the sun: ap- 
proaches the tropic of Cancer, the south-east winds 


The trade-wind blows constantly in the Indian Ocean 
from the roth degree of south latitude to nearthe 30th: 
But to the northward of this the winds change every six 
months, and blow directly opposite to their former ee 
course. ‘These regular winds are called monsoons, from 
the Malay word moossin, which signifies ‘¢ a season + 
When they shift their direction, variable winds dnd 9 
violent storms succeed, which last for a month and free” 4 é 
quently longer ; and during that time it is dangerous” i 


for vessels to continue'at sea. © ct ygena 

Theimonsoons in the Indian Ocean may be reduced 
to two ; one on the north’ and another on the south side 
of the equator ;. which extend from Africa to) the lons 
gitude of New Holland and the east coast of China; and : 
which suffer partial changes in ‘particular places. from 
the situation and inflection of the grcth oncoming coun- a 


tries. wind | 42%y ong 

1. Between the 3d and 1cth degrees, of eutialee % 
tude the south-east.trade-wind continues from April to 
October; but during the rest of the year the wind blows 


Holland this monsoon blows from the south during our. 
summer months, approaching gradually to the south~ 


. aaa 


, 


* Dr Halley, Phit Trans. Abr. vol it. p.134. 7 


+ Forest’s Voyage, p95. | 
+ Dr Halley, Pbil. Trans. Abr, vol. ii... .136.. 


east as oe advance towards the coast of New Holland ; 
Bo at changes about the end of September, and continues 
in the opposite direction till April *, Between Africa 
and Madagascar its direction is influenced by the coast; 
for it blows from the north-east from October to so 
and during the rest of the year from the south-west +. 


the 3d degree of south latitude, the north-east trade- 
“wind blows from October to April, and a south-west 
wind from April to October t. From Borneo, along 
the coast of Malacca and as far as China, this monsoon 


2. Over all the Indian Ocean, to the northward ab 


Sart 
Chap. il. - ; 


_ in‘summer blows nearly from the south, and in winter _ 


: - from the north by east §. Near the coast of Africa, 
“A between Mozambique and Cape Guardefafi,*the winds 
are irregular during the whole year, owing to the diffe- 
rent monsoons which surround that particular place. 
Monsoons are likewise regular in the Red Sea; between 
April and October they blow from the north-west, and 
during the other months from the south-east, keeping 
constantly parallel to the coast of Arabia ||. | 

Monsoons are not altogether confined to the Indian 


gustine and the island of St Catherine, the wind blows 


east; and between April and September from the south- 
west J. The bay of Panama is the. only place on the 


west side of .a\ great continent where the wind shifts 
* pi 


ee 


* Dr Halley, Phil. Trans. Abr. vol. fi. p. 136. 7 
+ Bruce’s Travels, vol. i. p. 459. 

¢ Dr Halley, Pdi?. Trans. Abr, vol. ii. p..136.. 

§ Dr Hailey, ibid. 

|| Bruce’s Travels, vol. i, ch. 4. » 


q Sir Walter Raleigh’s Voyage, Forest’s Voyage, p. 97. 


Ocean; on the coast of Brazil, between Cape St Au.- 


, 


between September and April from the east or north- , 


Sea and 
land bree- 
Zes. 
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regularly at different seasons: there it is easterly between 
September and March; but between March and Sep- 


tember it blows chiefly from the south and south-west. 

Such in general is the direction of the winds in the 
torrid zone all over the Atlantic, Pacific, and Indian 
Oceans; but they are subject to particular excep- 
tions, which it is proper to enumerate.—On the coast 


of Africa, from Cape Bayador to Cape Verde, the | 


winds are generally north-west; from hence to the 


island of St Thomas near the equator they blow almost 


perpendicular to the shore, bending gradually, as we 


advance southwards, first to the west and then to the . 


south-west *. On the coast of New Spain likewise, 


from California to the Bay of Panama, the winds blow 


almost constantly from the west or south-west, except 
during May, June, and July, when land-winds prevail, 
called by the Spaniards Popogayos. On the coast of 
Chili and Peru}, from 20° or 30° south latitude, to the 
equator, and on the parallel coast of Africa, the wind 


according to the direction of the land towards which it 
"¢ 
inclines, and extending much farther out to sea on the 


American than the African coast. The trade winds. 


are also interrupted sometimes by westerly winds in the 
Bay of Campeachy and the Bay of Honduras. 


As to the countries between the tropics, we are too 


little acquainted with them to be able to give a satisfac~ 
tory history of their winds. ” 

In all maritime countries between the tropic s of any 
extent, the wind blows during a certain number of hours 


* Dr Halley, Phil. Trans. Abr. vol, ii. p. 136. ‘ 


blows during the whole year from the south, varying 
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¢ Sir Walter Raleigh’s Voyage—Dr Garden, Pil. Trans. Abt. vol. ii. Pp. 132 ‘ 


a ; 
oe every day from the sea, and during a certain number Chap. | i 
towards the sea from the land; these winds’ are called ; i 
. the sea and land breewes. ‘The sea-breeze generally.sets an rh) 
_ in about ten in the forenoon, and blows till six in the | Aes ies 
evening ; at seven the land breeze begins, and continues — 4 
till eight inthe morning, when it dies away *. During _ | a 
summer the eae is very perceptible on all the i ; ng 


_ coasts of the Mediterranean Sea}, and even sometimes 

; as far north as Norway f. 

; Im the island of St Lewis on the coast of Africa, im Nesp fen 
46° north latitude, and 16° west longitude, the wind ae 

_ during the rainy season, which lasts from the middle of if 

_ July to the middle of October, is generally between’ the hae: 

south and east ; during the rest of the year it is for the Raph 

most part east or north-east in the morning ; but as the | 

: ‘ sun rises, the v wind approaches gradually to the north, ° 

till abeut noon it gets to the west of north, and is called 

a sea-breeze. Sometimes it shifts to the east as the sun 

descends, and continues there during the whole night. 

Me In February, March, April, May, and June, it blows 

___ almost constantly between the north and west{.. In Balama, 

the island of Balama, which lies likewise on the west 

e coast of Africa, in the r1th degree of north latitude, the 


wind during nine months of the year blows from the } ' a 
south-west; but in November and December a very cold Bey | 

: wind blows from the north-east ||. Cen rab 
? In the kingdom of Bornou, which lies between the Bornou, 
16th and 20th degree of north latitude, the warm sea- 3 a 

| 4a son is introduced about the middle of April by sultry ; . yee 


_ * Marsden’s Hist. of Sumatra, p. 17. —Buffon’s Net. Hist. vol. i. P. 385, =a 
-.. ¢ Volney’s Travels. vf 
'_ ¢ Pontoppidon’s Nat. Hist. of Norway. | 

_' § Dr Schotte, Pol Trans, vol. Ixx. art. 25. | 4 
4 , | P. Beaver, Esq. See Map in Wadstrom’s Essay on Colonization, . ut 
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Fezzan, thema deluge of rain*, In. Fezzan, -which is situated 
about the 25th degree of north latitude and the 3 sth 
degree of east longitude, the wind from May to August — 
blows from the east, south-east, or south-west, and i is 
intensely hot +. ; 
Abyssinia, In Abyssinia the winds generally blow from the west, 
. north-west, north, and north-east. During the months _ 
of June, July, August, September, and October, the 
north and north-east winds blow almost constantly, — 
especially in the morning and evening; and during the 
rest of the year they are much more Se a than any 
other winds ft. , a 
_ At Calcutta, in the province of Bengal, the wind P 
blows during January and February from the south= 
‘west and south; in March, April, and May, from the 
south ; in June, July, August, and September, from the ia i 
south and south-east; in October, “November, and De- a 
cember, from the north-west §, At Madras the. most. | 
frequent winds are the north and north-east. At Ti- 5 
voli in St Domingo, and at Iles de Vaches, the wind | 
blows oftenest from the south and south-east ||. —+From " 
these facts it appears, that in most tropical countries, a 
with which we are acquainted, the wind generally Phi ie 
from the nearest’ ocean, except during the» coldest’ ia 


months, when it blows towards it. 


- 2. In the In the ti umperate zones the direction of the winds is. 
temperate 
4 ons. bY Ro means so regular as between the tropics. — Even 
ee Raye runs ; ez 4 “ . 


*® African Association, P. 200. + Ibid. * 
$ Bruce’s Travels, vol. iv. p, 651. / 

§ Asiatic Researches, vols. i. and ii. Append. 

| P. Cotte, Four. de Phys. 179%. 


in fei same 5 deg ree of latitude we find ssi afte blow- 
‘ing in different directions at the same time’; while their 
changes are frequently so sudden and ‘so capricious, that 

to account for them has hitherto been found impos- ee : an 
’ sible. When. winds. are) violent, and continue Poigey iia 1 ia bis 
} “they Benerally extend over a lone tractvaf) jcoumbeppig 00 * an 
and. this. is more certainly the case when. they eit” 

from the north or east than from. any other points *. ce Meas 
By thé multiplication and comparison of Meteorolos = Ve yeM 
RY ‘gical. Tables, some . regular connection’ between. oleae v3 a | 
i _ changes. of the atmosphere in different places may. in 
time be observed, which will at last lead to a satisfac~ 
tory theory of the winds. It is from such tables chiefly 
4 that the following facts have been collected. | DS ee 


in Virginia, the prevailing winds are between the InAmerica, © 
Sh score north, and north-west ; thé most fre- ! 
paacst is the south-west, which blows more constantly : 
in June, July, and-August, than’ at any other season. , 
- The north-west winds blow most constantly in Novem- 
- ber, December, January, and February +.—At Ips- 
_ wich in New England the prevailing winds are also be- 
tween the south-west, west, north, and north-east ; the 
most frequent is. the north-west { : ; But at Gambpidge, 
in the same province, the most, frequent wind is the _ 
“south. east{. The predominant winds at New York *. 
are the north and west |}: And in Nova Scotia north. 
‘west winds blow for three-fourths of the year J].—The 
same wind blows most frequently at Montreal in Ca- . 


¢ 


SSS ees 
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: ® perhain's Physico-Theology, ch. il. : : 
, ¢ Jefferson’s /2rginia, p. 123—Trann Philad. ii. art. 10. | saa 
“} Trans. Amer.™Acad. i. 336. § M. Cotte, Four. de Phys. 179%. 

yi Ibid. § Present State of Nova Scotia and Canada, Pp 38. 


" 


igs 


AN - 336 


veo ye Book I. 

aN te a 

¥ ‘ 

; i\ Py) ’ 

‘{ id 

my) ) 

s 

ah } 

SAME a 

3] j 

iy i 

SAVE 

PON AYA 

ni | \ i t 

har 4} 

ti) 

oe is 

Thy heh # Tn Egypt, 

Opa 

ee Pie Baan? 

if % 

: 4 

; i 

“ay ii 

| . 
|, } i 
ii 
vdiy 

aad 

i as 

| | 

; , 

hy, |) 

ett, 

Nf 
In the Me- 
diterranean 


METEOROLOGY. | é 


paidal a at t Quebec the wind Shen follows thes 
direction of the river St Lawrence, blowing either from 


nie ORRIR NE or sas seuaaaiacinin *—At Hudson’s Bay” i 


naihhoneat wind occasions the tention cold, aw digs 


north and north-east are the vehicles of snowf. 


It appears from these facts, that westerly winds are 
most frequent over the whole eastern coast of North — 


winds predominate ; and that the north-west become 
gradually more frequent as we “aghaten the frigid b. 
zone. ie: 
In Egypt, during part of May, and during pide, ju- “ 
ly, August, and September, the wind blows almost $ 


constantly from the north, varying sometimes in June 3 
to the west, aud in July to the west and the east; du- j 
ring part of September, and in October and November, : 


7 
the winds are variable, but blow more regularly from f 


the east than any other quarter ; in December, Janu- 


ee 


ary, and February, they blow from the north, north 
west, and west; towards the end of February they 
change to the south, in which quarter they continue till 
near the end of March; during the last days of March | , 
and in April they blow from the south-east, south, and — 


: 


south-west, and at last from the east ; and in this di- " 


rection they continue during a part of Mayf. 

In the Mediterranean the wind blows nearly three- 
fourths of the year from the north ; about the equi- 
noxes there is always an easterly wind in that SER, | : 


which is generally more constant in spring than in au. — 


—aasSSsSSsS SOE EEE 


* Cotte, four. de Phys. 1791. : 
¢ Pennant’s Suppl. to Arctic Zool. p. 41. t Volney’s Travels, i. 58. 
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 tamn *, 
a of Gibraltar, ‘where there are seldom any winds ex- 
. ‘cept the east andthe west.—At Bastia, in’ the island 
_ of Corsica, the prevailing wind is the south-west + 
In Syria the north wind blows from the autumnal 
equinox to-November; during December, January, 
and February, the winds blow from the west and souths 
west; in March they blow from the south, in May 
from the east, and in June from the north. From this 
month to the autumnal equinox the wind changes gra- 
dually as the sun approaches the equator ; first to the 
east, then to the south, and lastly to the west }.—At 
Bagdad the most frequent winds are the south-west and 
north-west ; at Pekin, the north and the south$; at 
| Kamtschatka, on the north-east coast of Asia, the pre- 
 vailing winds blow from the west ||. 


4 


a 
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In Italy the prevailing winds differ considerably ac- 
according to the situation of the places where the obser. 
vations have been made : 


ee Se oe 


At Rome and Padua they are 
northerly, at Milan easterly ¢.—All that we have been 
able to learn concerning Spain and Portugal is, that on 
_ the west coast of these countries the west is by far the 
most common wind, par ticularly in summer; and that 


at Madrid the wind is north-east for the greatest part 
of the summer, blowing almost constantly from the Py- 
renean mountains **,_-At Berne in Switzerland the pre- 
a vailing winds are the north and‘ west ; at St Gottard, 


* Volney’s Trav. i. 59. and 65. 
¢ Volney’s Trav. i. 326. 


+ Cotte, “Tour. de ea, 1791. 
§ Cotte, Ibid. 

 Pennant’s Arctic Zool. p. cxiil. { Cotte, Ibid. 
** Bohun’s Hist. of Winds, p.116. 
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Asia, 


South of © 
Europe, 


338 


Book I. 
Neem poem! 


France, 


Germany, 


Britain, 


METEOROLOGY. 


- 


the north-east ; at Lausanne, the north-west and south 
west*. 

Father Cotte has given us the result of observations 
made at 86 different places of France* ; from which it — 
appears, that along the whole south coast of that king- 
dom the wind blows most frequently from the north, 
north-west, and north-east ; on the west coast, from — 
the west, south-west, and north-west ; and on the 
north coast, from the south-west. That in the interior 
parts of France the south-west wind blows most fre- 
quently in 18 places; the west wind in 14; the north 
in 13; the south in 6; the north-east in 4; the south- 
east in 2; the east and north-west each of them in one. 
—On the west coast of the Netherlands, as far north as 
Rotterdam, the prevailing winds are probably the south- 
west, at least this is the case at Dunkirk and Rotter- 
dam*.. It is probable also that along the rest of this 
coast, from the Hague to Hamburgh, the prevailing 
winds are the north-west, at least these winds are most 
frequent at the Hague and at Francker*.—The pre- 
vailing wind at Delft is the south-east ; and at. Breda 
the north and the east *. | 

In Germany the east wind is most frequent at Got-_ 
tingen, Munich, Weissemburg, Dusseldort, Saganum, 
Erford, and at Buda in Hungary ; the south-east at. 
Prague and Wirtzburg; the north-east at Ratisbon 5 is 
and the west at Manheim and Berlin*. ~ 

From an average of ten years of the register kept by 
order of the Royal Society, it appears that at London | 
the winds blow in the following order : , 

ee, 


* Cotte, Faur.de Phys. 1791. 


= 


~ 


ei Vyedbre SA POMS ,2 yy East 1. Vee os pee os 


WIND, 
WINDs. Days. | WINDS. Days. 
South-west e e 8 @ LT12 South-east eke o@ Qe 3 6 32 
Deartiiceast . sacdystkiro gS’) Baste arom 26 


BeOrth-west. scestrut§o || Sowth.s aie oem ae dan bo 
NGS). >, 2 cuakdorehS | North, 415, .)aeeivedanko 


It appears, from the same register, that the south- 
west wind blows at an average more frequently than 
any other wind during every month of the year, and 
that it blows longest in July and August; that the 
north-east blows most constantly during January, March, 
April, May, and June, and most seldom during Feb- 
ruary, July, September, and December ; and that the 
north-west wind blows oftener from November to 


‘March, and more seldom during September and Octo- 


ber than any other months. The south-west winds 
are also most frequent at Bristol, and next to them are 
the north-east *. | 

The following Tasxe of the winds at Lancaster has 
been drawn up from a register kept for seven years at 
that placey. 


WINDs. Days. | Winps. Days. 


South-west... ... 92 | South-east ...... 35 
Brropeaweast (age) 1 G9) North ee Se eae BO 


South ».... 2... 51 | North-west’ 2... 26 


The following Taste is an abstract of nine years 


observations made at Dumfries by Mr Copland}. 


* Phil. Trans. Ixvi. 2. 
+ Manch. Trans. iv. 234. } Ibid, 
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WINDS. ».* Days. | Winps. Days. 


Hoth « + 6¢ deae8ek | North. 2 wey gee) 


West oa ee ens Gg, + North-west 10a ass 


Mast wasnt) woo 768. || Soath-easte, et wes 


South-west. .... +50 | North-east .... . 14% 


~The following Tanre is an abstract of seven years 


‘observations made by Dr Meek at ‘Cambuslang near 


Glasgow*: 


WInNDs. Days. | Winns. Days, | 


South-west ...... . 174 North-east. /.. «9. . 104 


North-west... .. 140 South-east i)... /. 7. a age 


It appears, from the register from which this table 
was extracted, that the north-east wind blows much 
more frequently in April, May, and June, and the 
south-west in July, August, and September, than at 
any other period. The south-west ’is by far the most 
frequent wind all over Scotland, especially on the west 
coast. At Saltcoats in Airshire, for instance, it blows - 
three-fourths of the year; and along the whole coast 
of Murray, on the north-east side of Scotland, it blows 
for two-thirds of the year. East winds are common | 
over all Great Britain during April and,May ; but their _ 
influence is felt mostseverely on the eastern coast. _ 

The following Taste exhibits a view of the number 
of days during which the westerly and easterly winds 
blow in a year at different parts of the island. Under 
the term wester/y are included the north-west, west, 
south-west, and south; the term easterly is taken in 
the same latitude. : 

————EEEEE——>=——————————————— 


* Statistical Account of Scotland, ¥. 245. 


{ [)  oWIND. 

= | 

_ | Years of P] / WIND. 

| Obsery. Ua ken, Westerly. ; Easterly. 

4 to. | London’ - a - V Baa wer a 

:; gory bancastery waist te 216° | 149. 
51 | Liverpool * - - 170 | 175 


9 | Dumfries .-, - - 227 eS Mages 
10 | Branxholm, 54 miles south- 
west of Berwick + pelle le be 
7 | Cambuslang’ - 2%4 } 15% 
8 Hawkhill, near fhiniargink 229.5 | | rescy 


(nee ee ee 


Te cer ee 


Mean | 217.4 144.7 


Tn Ireland the south-west and west are the grand 


_ winter, and least in spring. The north-east blows most 

- in spring, and nearly double to what it does in autumn 

‘and winter. The south-east and north-west are nearly 

_ equal, and are most frequent after the south-west and 
west }. | | 

At Copenhagen the prevailing winds are the east 

and south-east ; at Stockholm, the west and north {. 

In Russia, from an average of a register of 16 years, 

3 the winds blow from November to April in the follow- 


ing order: 


| ame te AED M2 SOS} SO. LOM Neal ee 
4 And during the other six months, 


* Manchester Trans. iv. $ Edin. Trans. i, 403, t Ibid, 
§ Rutty’s Hist. of the Weather, &c.in Dublin 
q Cotte, Four. de. Pbys. 1791. , vi 


wW. N.wW. E. SW. S. N.E.N. S-E. 
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Ireland, 


trade-winds, blowing most in summer, autumn, and - 


<phase 
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North of 
Europe, 
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temperate 
zone. 


winds are the south, the south-west, and south-east. 


_ which lie most contiguous to the Atlantic Ocean, south- 


winds prevail in Germany, Westerly winds are also 
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The west wind blows during the whole year 72 days; ; 
the north-west 53; the south-west and north 46 days 
each. During summer it is calm for 41 days, and du- 
ring winter for 21 *. In Norway the most frequent 


The wind at Bergen 1s seldom directly west, but gene- — 
rally south-west or south-east ; a north-west, and es- 
pecially a north-east wind, are but little known theret. 

From the whole of {these facts, 1t appears that the 
most frequent winds on the south coasts of Europe are 
the north, the north-east, and north-west ; and on the 
western coast, the south-west: that in the interior parts 


west winds are also most frequent ; but that easterly 


most frequent on the north-east coast of Asia. 
It is probable that the winds are more constant in 
the south temperate zone, which is in a great measure 
covered with water, than in the north temperate zone, 
where their direction must be frequently interrupted 
and altered by mountains and other causes. 
_M. de la Baille, who was sent thither by the French 
king to make astronomical observations, informs us, 
that at the Cape of Good Hope the main winds are the 
south-east and north-west; that other winds seldom 
last longer than a few hours; and that the east and ; 
north-east winds blow very seldom. ‘The south-east — 
wind blows in most months of the year, but chiefly — 
from October to April; the north-west prevails during — 
the other six months, bringing along with it rain, and 


* 


* Guthrie on the Climate of Russia, Edin. Trans. ii. 
+ Pontoppidan’s Nat. Hist. of Norway, part i. 


south-west, west. 
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tempests, and hurricanes. Between the Cape of Good 
Hope and New Holland the winds are commonly wes- 


_terly, and blow in the following order: north-west, 


« 


south-west, west, north*, | 
In the great South Sea, from latitude 30° to 40° 


south, the south-east trade-wind blows most frequently, - 


especially when the sun approaches the tropic of Ca- 
pricorn; the wind next to it in frequency is the north- 
west, and next to that is the south-west. From south 


latitude 40° to 50° the prevailing wind is the north-— 
west, and next the south-west. From 50° to 60°, the | 


most frequent wind is also the Reeth west ames next to 

it is the west +," bene 
Thus it appears that the trade-winds sometimes ex- 

tend farther into the south temperate zone than their 


usual limits, particularly during summer ; that beyond 
their influence the winds are commonly westerly, and. 


that they blow in the following order: north-west, 
é 

Such is the present state of the history of the direction 
“ofthe winds. In the torrid zone they blow constantly 
from the north-east on the north side of the equator, 
and from the south-east on the south side ofit.. Inthe 
north temperate zone they blow most frequently from 
the south-west; in the south temperate zone from the 
north-west, changing, however, frequently to all points 
of the compass ; and in the north temperate zone blow- 
ing particularly during spring from the north-east. 

As to the velocity of the wind, its variations are al. 
most infinite ; from the gentlest breeze to the hurri- 


-* Meteorological Tables at the end of Philip’s and White’s Voyages, 
¢ Wales’s Meteor. Tables. 
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~cane which tears up trees and blows down houses. Tr 


has been remarked, that our most violent winds take 


_ place when neither the heat nor the cold is greatest ; 


Explana- 
tion of the 
‘cause of the 
trade- 
winds, 


that violent winds generally extend over a great tract 
of country ; and that they are accompanied with sud- 
den and great falls in the mercury of-the barometer. 
The wind is sometimes very violent at a distance from 


the earth, while itis quite calm at its surface. On one | 


occasion Lunardi went at the rate of 70 miles an hour in 
his balloon, though it was quite calm at Edinburgh 
when he ascended, and continued so during his whole 
voyage. Let us now consider the cause of. these nu- 
merous currents in the atmosphere. 

It cannot be doubted that the surface of the earth un- 
der the torrid zone is much more heated by the rays of 
the sun than under the frozen or temperate zones, be- 


cause the rays fall upon it much more perpendicularly. 


‘This heat is communicated to the air near the surface 
of the torrid zone, which being thereby rarefigd, a- 


scends; and its place is supplied by colder air, which 
rushes in from the north and south. 


Now the diurnal motion of the earth is greatest at. | 


the equator, and diminishes gradually as we approach 
the poles, where it ceases altogether. Every spot of 
the earth’s surface at the equator moves at the rate of 
15 geographical miles in a minute; at the 40° of lati-. 
tude, it moves at about 11 miles in a minute; and at 
the 30°, at neatly 13 miles. The atmosphere, by mo-~ 
ving continually round along with the earth, has acqut~, 


red the same degree of motion; so that’those parts of 


it which are above the equator move faster than those 
which are at a distance. Were a portion of the atmo~ 


j 


# 
7 


sphere to be transported in an instant from latitude 30°. 


to the equator, it would not immediately. acquize the _ Chap. Ht 
velocity of the equator; the eminences of the earth 
therefore would strike against it, and it would assume 

the appearance of gn east wind. ‘his is the case Whe 
smaller degree with the air that Folge towards the equa- 
tor, to supply the place of the rarefiedair, whichiscons 
. tinually ascending ; and this, when combined with its. 
real motion from the north and south, must cause it to. 
assume the appearance of a north-easterly wind on this _ 

_. side the equator, and of a south-easterly beyond it, 


y 
The motion westwards occasioned by this difference 
in celerity alone would not be great ; but it is farther 
: increased by another circumstance. Since the rarefac- 
tion of the air in the torrid zone is owing to the heat 
‘ _ derived from the contiguous earth, and since this heat is 
\ owing to the perpendicular rays of the sun, these parts 
\ must be hottest where the sun is actually vertical, and 
¢ consequently the air over them must be most rarefied ; | 
- the contiguous parts of, the atmosphere will therefore 
be drawn most forcibly to that particular spot. Now 
since the diurnal motion of the sun is from east to west, 
this hottest spot will be continually shifting westwards, 


‘ 
4 and this will occasion a current of the atmosphere in 
that direction. That this. cause really operates, appears 


from a circumstance already mentioned: when the sua 


approaches either of the tropics, the trade-wind onthe 

same side of the equator assumes a more easterly di- 

rection, evidently from the cause here mentioned; while © 

| the opposite trade-wind, being deprived of this addi- 

_ tional impulse, blows ina direction more perpendicular 

- to the equator. 

The westerly direction of the trade-winds is still far- 
ther increased by another cause. Since the attraction 
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Book! of the sun and moon produces so remarkable an effect | 
upon the ocean, we cannot but suppose that an effect 
equally great at least is produced upon the atmosphere. 
Indeed as the atmosphere is nearer the moon than the 
sea is, the effect produced by attraction upon it ought 
to be greater. When we add to this the elasticity of 

“the air, or that disposition which it has to dilate itself 
when freed from any of its pressure, we cannot but 
conclude that the tides in the atmosphere are consider- 
able. Now since the apparent diurnal motion of the 
moon is from east to west, the tides must follow it in’ © 
the same manner, and consequently produce a constant 
motion in the atmosphere from east to west. 


# 


All these different causes probably combine i in the 
production of the trade-winds ; and fein their being ~ 
sometimes united, and sometimes distinct or opposite, 
arise all those little irregularities which take place in 


the direction and force of the trade-winds. ‘ 
Why their Since the great cause of these winds is the rarefaction 
le of the atmosphere by the heat of the sun, its ascension, 


Be techere and the consequent rushing in of colder air from the 
‘north and south, the internal boundary of the trade- 
winds must be that parallel of the torrid zone which is 
hottest, because there the ascension of the rarefied air 
must take place. Now since the sun does not remain 
stationary, but is constantly shifting from one tropic.to 
the other, we ought naturally to expect that this boun- 
dary would vary together with its exciting cause; that 
therefore when the sun is perpendicular to the tropic of 
Cancer, the north-east trade-winds would extend no 
farther south than north latitude 23.5° ; that the south- 
east wind would extend as far north; and that when 


the sun was in the tropic of Capricorn, the very con- 
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trary would take place. We have seen, however, that 
though this boundary be subject to considerable changes 
from this very cause, it may in general be considered 
as fixed between the second and fifth degrees of north 
latitude. | 

Though the sun be perpendicular to each of the 
tropics during part of the year, he is for one half of it 
at a considerable distance; so that the heat which they 
acquire while he is present is more than lost during his 
absence. But the sun is perpendicular to the equator 
twice in a year, and never farther distant from it than 
234°: being therefore twice every year as much heated, 
and never so much eooled as the tropics, its mean heat 
must be greater, and the atmosphere in consequence 
generally most rarefied at that place. Why then, it will 
be asked, is not the equator the boundary of the two 
trade-winds ? To speak more accurately than we have 
hitherto done, the internal limit of these winds must be 
that parallel where the mean heat of the earth is greatest. 
This would be the equator, were it not for a reason 
which shall now be explained. 

It has been shewn by astronomers, that the orbit of 
the earth is an.ellinsis, and that the sun is placed in one 
of ‘the foci. Were this orbit to be divided into two 
parts by a straight line perpendicular to the transverse 
axis, and passing through the centre of the sun, one of 
these parts would be less than the other ; and the earth, 
during its passage through this smaller part of its orbit, 
would constantly be nearer the sun than while it moved 
through the other portion. The celerity of the earth’s 
motion in any part of its orbit 1s always proportioned 
to its distance from the sun; the nearer it is to 
the sun, it moves the faster; the farther distant, 
the slower. The earth passes over the smaller portion 
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of its orbit during our winter; which must therefore 
be shorter than our summer, both on account of this 
part'of the orbit being smaller than the other, and on 
account of the increased celerity of the earth’s. motion. 
The difference, according to Cassini, is 7 days, 23 
hours, and 53 minutes. While’ it is winter in the 
northern it is summer in the southern hemisphere; - 
wherefore the summer in the southern hemisphere 
must be just as much shorter than the winter as our 
winter is shorter than our summer. The difference.’ 
therefore between the length of the summer in the two 
hemispheres is almost 16 days. ‘The summer in the 
northern hemisphere consists of 1904 days, while in 
the southern ‘it’ consists only of 1742. They are to one: 
another nearly in the proportion of 14 to 12.85 and the 
heat of the two hemispheres may probably have nearly 
the same proportion to one another. The internal limit 
of the trade-winds ought to be that parallel where the 
mean heat of the globe is greatest: this would be the 
equator, if both hemispheres were equally hot; but 
since the northern hemisphere is the hottest, that pa- 
rallel ought to be situated somewhere in it; and since 
the difference between the heat of two hemispheres is 
not great, the parallel ought not to be far distant from 


] 


the equator * 


* This parallel could be determined by calculation, provided the meam, 
heat’of both the segments into which it divides the globe were known. 
Let the radius of this globe be == 1, the circunaference of a great circle == 6; 
and consequently the are of a great circle = 3, and the solid contents of 
a hemisphere == 2. Since the internal limit of the trade-winds is not far 
distant from the equater, we may consider that portion of the sphere in- 
tercepted between it and the equator as a cylinder, the base of which is 
the equator, and its height the arc intercepted between the equator and 
the internal limit of thetrade-winds, Let this arc be x, and consequently 
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The trade-wind would blow regularly round the whole 
\) globe if the torrid zone were all covered with water. 
df the Indian Ocean were-not bounded by. land on the 
north, it would blow there in the same manner as it 
" does in the Atlantic and Pacific Oceans. The rays of 
light pass through a transparent body without commu- 
| nicating any, or at least but a small degree of heat. If 
a piece of wood be inclosed in a glass vessel, and the 
focus of a burning glass directed upon it, the wood will 
be burnt to ashes, while the glass through which all the 
rays passed is not even heated. When an opaque body 
; is exposed to the sun’s rays, it is heated in proportion 
to its opacity. If the bulb of a thermometer be exposed 
j to the sun, the quicksilver will not rise so high as it 
_ would do if this bulb were painted black. Land is much 

more opaque than water; it becomes therefore much 
_ warmer when both are equally exposed to the influence 


_ the-cylinder itself = 3 x, equal to the excess of the southern segment 
into which this internal limit divides-the globe above the northern. Let 


the heat of the northern segment be == #, and that of the southern — Se. 


The southern segment’ is = 2 ++ 3x, the northern — 2 — 3x. Now 
let us suppose that the bulk of each segment is reciprocally as its heat, 
“and we shall have this formula, 2, H3eI2— Bets ss. Wherefore 


\ UWN—-%s ., 22 — 
Rice » Now if we suppose = 1A, and s == 128; “al 
Oe aE war 344-38 


4 24° : ‘ 
18 == ~~. To reduce this value of x to decrees we must multiply i 
_ i 8 g ply it by 


60, since a great circle was made = 6 : it gives 1° 48’ 27! as the inter- 

| nallimit of the trade-wind, This is too small by 2° 11/33”. But the 
, value which we have found is only that of the sine of the arc intercepted 

_ between the equator and the internal limit ; the are itself would be 

_ somewhat greater; besides, the proportion between the heat of the two 

“segments is an assumed quantity, and may probably be greater than their 

_ difference in bulk: and one reason for this may be the great proportion 

_ of land in the northern compared with the southern segment. See the 

 Sournal de Physique, Mai 1791. 
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of the-sun. For this reason, when the sun approaches 
the tropic of Cancer, India, China, and the adjacent 
countries, become much hotter than the ocean which 
washes their southern coasts. ‘The air over them be- 
comes rarefied and ascends, while colder air rushes in 
from the Indian Ocean to supply its place. As this 


current of air moves from the equator northward, it 


must, for a reason already explained, assume the ap- 
pearance of a south-west wind; and this tendency east- 
ward is increased by the situation of the countries to 


‘which it flows. This is the cause of the south-west 


monsoon, which blows during summer in the northern 
parts of the Indian Ocean. Between Borneo and the 
coast of China its direction is almost due north, because 


the country to which the current .is directed lies rather | 


to the west of north; a circumstance which counteracts 
its greater velocity. 

In winter, when the sun is on the south side of the 
equator, these countries become cool, and the north-east 


.trade-wind resumes its course, which, had it not been 


for the interference of these countries, would have con- 
tinued the whole year. | 

As the sun approaches the tropic of Cariearas it 
becomes almost perpendicular to New Holland: that 


continent is heated in its turn, the air over it is rarefied, 


and colder air rushes in from the north and west to 
supply its place. This is the cause of the north-west 
monsoon, which blows from October to April from the 
third to the tenth degree of south latitude. Near Su- 
matra its direction is regulated by the coast: this is the 
case also between Africa and Madagascar. 


The same cause which occasions the monsoons gives 
rise to the winds which blow on the west coasts of ~ © 
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Africa and America. The air above the land is hotter 
and rarer, and consequently lighter than the air above 


_ the sea; the sea air therefore flows in, and forces the 


2 


lighter land atmosphere to ascend, 

The same thing will account for the phenomena of 
the sea and land breezes. During the day, the cool 
air of the sea, loaded with vapours, flows in upon the 
Jand, and takes the place of the rarefied land air. As 
the sun declines, the rarefaction of the land air is di- 
Minished; thus an equilibrium is restored. As the sea 
is not so much heated during the day as the land, 
neither is it so much cooled during the night; because 
it is constantly exposing a new surface to the atmos- 
phere. - As the night approaches, therefore, the cooler 


and denser air of the hills (for where there are no hills 


there are no sea and land breezes) falls down upon the 
plains, and pressing upon the now comparatively lighter 
air of the sea, causes the land-breeze. 

The rarefied air which ascends between the second 
and fifth degrees of north latitude has been shewn to 
be the principal cause of the trade-winds. As this air 
ascends, it must become gradually colder, and conse- 
quently heavier ; it would therefore descend again if it 
were not buoyed up by the constant ‘ascent of new ra- 


refied air. It must therefore spread itself to the north 


and south, and gradually mix in its passage with the 


lower air; and the greater part of it probably does not 


reach far beyond the 30°, which is the external limit 


_ of the trade-wind. Thus there is a constant circula- 


‘south, acends gradually as it approaches the 30°, and 


And of the 
sea and land 
breezes, 


tion of the atmosphere in the torrid zone; it ascends ~ 
_ near the equator, diffuses itself toward the north and 
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METEOROLOGY. 


If the attraction of the moon and the diurnal motion 


of the sun have any effect upon the atmosphere, and — 
that they have’ some effect can hardly be disputed, there 
must be a real motion of the air westwards within the 
limits of the trade-winds. The consequence of this 
westerly current is an easterly current on its north and 
south side, as has been demonstrated by D’Alembert. 
Hence the frequency of south-west winds over the At- 
lantic Ocean and the western parts of Europe. 

It seems probable too that air is generated at the 
equator, either in consequence of the decomposition of 
water or of some other cause. Hence the reason that 


south-west winds are so frequent, particularly in sum- 


mer, and that they extend over a greater tract of coun-~ 


try than most other winds which blow in the tempe- 
rate zones. What has been said of south-west winds, 
holds equally with regard to north-west winds in the 
south temperate zone. 

After south-west winds have blown for some time, a 
great quantity of air will be accumulated at the pole, 
at least if they extend over all the northern hemisphere: 


and it appears from comparing the tables kept by some 


of our late navigators in the Northern Pacific Ocean 


* ai . : . . e . 
with similar tables kept in this island, that this 1s some-- 


times the case so far as relates to the Atlantic and Pa- 
cific Oceans. When this accumulation becomes great, 
it must, from the nature of fluids, and from the elasti- 
city of air, press with a considerable and increasing 
force on the advancing air; so that in time it becomes 
stronger than the s south-west wind. This will occasion 
at first a calm, and afterwards a north wind; which 
will become gradually easterly as it advances south~ 
wards, from its not assuming immediately the velocity 
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of the thick, The mass of the atmosphere will be in- 
creased i in all those places over which this north-east 
wind blows: this is confirmed hy the almost constant 
rise ‘of the barometer daring a north-east wind. 
Whatever tends to increase the bulk of the atmo- 
{ sphere near the pole, must tend also to increase the fre= 
quency of north-east winds ; and if there be any sea- 


that season will be most liable to these winds. During 


Winter the northern parts of Europe are covered with 


_ when the heat of the sun becomes more powerful. 
_ Great quantities of vapour are during that time raised, 


"atmosphere; especially if part of this vapour be con- 
_ verted into air. Hence north-east winds are most pre- 
jl valent during May and June*. 

¥ If water be decomposed in the atmosphere and hy- 
; drogen gas evolved, that gas, from its, small specific gra- 
 -vity, must accumulate near the poles, and be mixed with 
the common air of the atmosphere, or with oxygen gas, 
if any be set at liberty. \ Now miay not the appearance 
a of the aurora borealis be owing to the union of oxygen 


. and hydrogen by the intervention of the electric fluid ? 


*® The frequency of north-east winds during these months is the great. 
est defect i in the climate of Scotland, and is felt indeed severely over all 
_ Great Britain. Inthe united states of America, these winds keep pace 
* with the clearing of the land. Some time ago, in Virginia, they did not 
ee reach farther than Williamsburgh ; now they reach to Richmond, which 
i is situated considerably farther west, and are even beginning to be felt 


I ight it not be possible then to prevent the frequency of these winds 
in this country, by planting trees along the whole east coast ? 
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son when this increase takes place more particularly, 


_ which will augment both the bulk and weight of the 


snow, which is melted in the beginning of summer, 


South-west 
wind occas 
sioned by 
the decom- 
position of 
the atmo- 


‘sphere at 


the pole. 


‘still farther within the country (Jefferson’s State of Virginia, p. Moy 
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This he found never to fail in 23 instances. He observed 


— tion of the above conjecture. Bright aurore are probably. ¥ 


METEOROLOGY. ae 


That it is an electrical phenomenon at least, can hardly con 
be doubted. Artificial electricity is much strengthened 
during an aurora,as Mr Volta and Mr Canton have 
observed ; and the magnetic needle moves with the 
same irregularity during an aurora that has been ob- 
served in other electrical phenomena, as we-learn from 
Bergman and De la Lande. Many philosophers have : 
attempted’ to demonstrate, that aurore boreales are be- 
yond the earth’s atmosphere; bu¢ the very different 
results of their calculations evidently prove that they 


"were not possessed of sufficient data. pe, 


If this conjecture be true, part of the atmosphere near 
the poles must at times be converted into water. This 


would account for the long continuance of south-west 


winds at particular times: when they do so, a decom- 


position of the atmosphere is going on at the pole. It 
would render this conjecture more probable, if the ba- 


-rometer fell always when a scuth-west wind continues 


long. : i 
If this hypothesis be true, a south-west wind ought . 

always to blow after aurorz boreales ; ‘and we are in- 

formed by Mr Winn * that this is actually the case. 


also, that when the aurora was bright, the gale came on 
within 24 hours, but did not last long ; but if it was faint 
and dull, the gale was longer in Seni and less vio- 
lent, but it continued longer. This looks like a confirma- 


nearer than those which are dull. Now, if the aurora | 
borealis be attended with a decomposition of a quantity 
of air, that part of the atmosphere which is nearest 


eee anil 


* Pil. Trans. for 1772. 
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_ Must first rush in to supply the defect, and the motion 
* will gradually extend itself to more distant parts. Just 
as if a hole were bored in the end of a long vessel filled 
4 with water; the water nearest the hole would flow out 
immediately, and it would be some time before. the 
water at the other end of the vessel began to move. 
The nearer we are to the place of precipitation, the 
sooner will we feel the south-west wind. It ought 
_ therefore to begin sooner after a bright aurora, because 


it is nearer than a dull and faint one. Precipitations — 


of the atmosphere at a distance from the pole cannot 
_ be so great as those which take place near it; because 
the cold will not be sufficient to condense so great a 
quantity of hydrogen: south-west winds, therefore, 
ought not to last so-long after bright as after dull 
aurore. Winds are more violent after bright aurore, 
because they are nearer the place of precipitation ; just 


: 


as the water near the hole in the vessel runs swifter 


n that which is at a considerable distance. 

If these conjectures have any foundation in nature, 
there are two sources of south-west winds: ; the first 
has its origin in the trade-winds, the second in precipi- 
tations of the atmosphere near the pole. Wher they 
fi, | originate from the first cause, they will blow in countries 
farther south for some time before they are felt in-those 
_ which are farther north; but the contrary will take place 


* 


case, too, the barometer will sink considerably ;- and it 
_ - actually does so constantly after aurorz, as we are ins 
one? by Mr Madison *, who paid particular attention 
s to this ‘haga: By keeping accurate meteorological tables 


* Philad. Trans. ii. 142, 
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when they are owing to the second cause. In this last 
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in different latitudes, it might easily be discovered — : 


whether. these consequences be true, and consequently’ 


whether the above conjectures be well or ill grounded. 
There are also two sources of north-east winds ; the 


first is an accumulation of air at the pole, the second a 


precipitation of the atmosphere in the torrid zone. For 

the discovery of this last cause we are indebted to SOT; 
Franklin. In 1740 he was prevented from observing 
an eclipse of the moon at Philadelphia by a north-east 
storm, which came on about seven o’clock in the even- 


“ing. He was surprised to find afterwards that it had *. 


not come on at Boston till near eleven o'clock: and 
upon comparing all the accounts which he received 
from the several colonies of the beginning of this and 
other storms of the seme kind, he found it to be always 
an hour later the farther north-east, for every 100 
miles. 

«« From hence (says he) I formed an idea of the 
course of the storm, which 1 will explain. by a familiar i 
instance. I suppose along canal of water stopped at 


the end by a gate. The water is at rest till the gate is 
opened; then it begins to move out through the gate, 
and the water next the gate is first in motion, and moves : 
on towards the gate; and so on successively, till the 
water at the head of the canal is in motion, which it is 
last of all. In this case all the water moves indeed to- 


4 


wards the gate; but the successive times of beginning 
the motion are in the contrary way, viz. from the gate 
back to the head of the canal, Thus, to producea 


north-east storm, I suppose some great rarefaction of — 
the air in or near the gulf of Mexico; the air rising 

thence has its place supplied by the next more northern, © 
cooler, and therefore denser and heavier air; a suc- 
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cessive current is formed, to which our coast and inland 


_ Mountains give a north-east direction *.” 


Currents of air from the poles naturally, as has been 
observed, assume a north-east direction as they advance 
southwards ; because their diurnal motion becomes less 
than that of the earth. Various circumstances, how- 
ever, may change this direction, and’ cause them to be- 


come north, or even north-west, winds. The south-— 


west winds themselves may often prove sufficient for 
this ; and violent rains, or great heat, by lessening or 
rarefying the atmosphere in ahy country, will produce 


the same effect in countries to the westwards when 


north winds. happen to be blowing. =~ 

In North America, the north-west winds become gra- 
dually more frequent as we advgnce northwards. The 
east coast of this continent, where the observations 
were made from which this conclusion was drawn, is 


alone cultivated; the rest of the country is covered with 


wood. Now cultivated countries are well known to be 
Warmer than those which are’ uncultivated; the earth 


in the latter is shaded-from the sun, and never heated. 


by his rays. ‘he air, therefore, in the interior. parts 


of America, must be constantly colder than near the 


east coast. This difference will hardly be perceptible in 
the southern parts, because’ there the influcnce of the 


sun is very powerful; but it will become gradually 


greater as we advance northwards, because the influence 


of the sun diminishes, and the continent becomes 


broader. Hence north-west winds ought to become 
mote frequent upon the east coast as we advance north- 


i wards ; and they wiil probably cease to blow so often 


a ene 


* Franklin’s Philosophical, Letters, p. 389. 
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as soon as the whole continent of North America bes _ 
comes cultivated. : 
Such appear to be the causes wach produce the more 


‘general winds that prevail in the torrid and temperate 


zones. ‘The east and west winds, when they are not 
partial and confined to a very small portion of the at-_ 
mosphere, seem to be nothing else but currents of air 
brought from the north or south by the causes already 
mentioned, and prevented from proceeding farther by 
contrary currents. If these currents have come frgm the 
north, they will assume the appearance of east winds; 
because their diurnal motion will be less than that of 
the more southern latitudes over which they are forced 
to remain stationary. The southern currents will be- 
come west winds for,a contrary reason. This will | 
furnish us with a reason for the coldness of east winds 
compared with west winds. If this account be true, 
there ought very frequently to be a west wind in a la- 
titude to the south of those places where an east wind ~ 
blows. ‘This might easily be determined by keepiig 
accurate registers of the winds in different latitudes, 
and as nearly as possible under the same meridian ; and 
upon the result of these observations the truth or false- 
hood of the above conjecture must finally rest. 
Besides these more general winds, there are others 

which extend only over a very small part of the earth, 
These originate from many different causes. The at- 


mosphere is composed of three different substances, 


air, vapour, and carbonic acid; to which may be 
added water. Great quantities of each of these ingre- 
dients are constantly changing their aerial form, and ‘ 
combining with various substances ; or they are sepa-— 
rating from other bodies, assuming the form of air, and 


a 
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7 . i 
- mixing with the atmosphere. Partial voids, therefore, 
and partial accumulations, must be continually taking 

place i in different parts of the atmosphere, which will 
occasion winds varying in direction, violence, and con- 

| tinuance, according-to the suddenness and the quantity 


of air destroyed or produced. Besides these there are. 


many other ingredients constantly mixing with the at- 
‘mosphere, and many partial causes of condensation and 
rarefaction in particular places. To these, and other 
causes probably hitherto unknown, are to be ascribed 
all those winds which blow in any place besides the 
general ones already explained; and which, as they 
_. depend on causes hitherto at least reckoned contingent, 
_ will probably for ever prevent uniformity and regularity 
in the winds. All these causes, however, may, and 
| probably will, be discovered ; the circumstances in 
which they » will take place, and the effects which they 


K 


will produce, may be known; and whenever this is the 
case, the winds of any place may in some measure be 
reduced to calculation. e 
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SECT. V. 


q OF ATMOSPHERICAL ELECTRICITY. 


a is one of those bodiés which have received the 


sitively or negatively charged with electric matter. It 
not only contains that portion of electricity which seems 
: “necessary to the constitution of all terrestrial bodies, 
_ but it is liable also to be charged mia or posi- 
Z4 


name of electric, because they are capable of being pe- 
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tively when electricity is abstracted or introduced by 
means of conducting bodies. These different states must 
occasion a variety of phenomend, and in all probability é 

contribute very considerably to the various combina- 
tions and decompositions which are continually going | 
on in air. The electrical state of the atmosphere, then, 
is a point of considerable importance, and has with 
great propriety occupied the attention of phildsophers 
ever since Dr Franklin demonstrated that thunder is 
occasioned by the agency of electricity. : 

1. The most complete set of observations on the elec- 
tricity of the atmosphere were made by Professor Bec- 
caria of Turin. ~He found the air almost always posi- 
tively electrical, especially in the day-time and in dry 
weather. When dark*or wet weather clears up, the 
electricity is always negative. Low thick fogs rising — 
into dry air carry up a great deal of electric matter. 

2. In the morning, when the hygrometer indicates 
dryness equal to that of the precedin 1g day, positive elece 
tricity obtains even before sunrise. As the sun gets 
up, this electricity increases more remarkably if the 
dryness increases.. It diminishes in thé evening. 


3: The mid-day ‘electricity of days squeal dry is 


- proportional to the heat. 


4. Winds always lessen the electricity of a clear day, 
especially if damp. | | 

5. For the most part, when there is a seat sky and 
little wind, a considerable electricity arises after sunset 
at dew falling, > ; | | 

6. Considerable light has been thrown upon the 


sources of atmospherical electricity by the experiments _ 


of Saussure and other philosophers. Air is not only — 
electrified by friction like other electric bodies, but the 


“ELECTRICITY. , 
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poration seems in all cases ta convey electric matter in- 
to the atmosphere ; and Saussure has ascertained that 
~ the quantity of electricity is much increased when wa- 
; ter is decomposed, as when water 1s dropt on a red hot 
iron. On the other hand, when steam is condensed into 
vesicular vapour, or into water, the air becomes nega- 
tively electric. Hence it would seem that electricity 
enters as a component part into water; that it separates 


_ when water is decomposed or expanded into steam, and 


. is reunited when the steam is condensed again. into 
water. 

_ Farther, Mr Canton has ascertained that dry air, when 
heated, becomes negatively electric, and positive when 
cooled, even when it is not permitted to expand or con- 
‘tract : and the expansion and contraction of air also oc- 
-casions changes in its electric state. , | 


4 state of its electricity is ahaha by various rveccttan “Chap. st 4 
operations which often go on in the atmosphere, Eval” | 


a ‘Thus there are four sources of atmospheric electrici~ Sources of 


ty known: 1. Friction ; 2. Evaporation; 3. Heat and 
cold; 4. Expansion and contraction: not to mention 


the electricity’ evolved by the melting, freezing, solu. 
_ tion, &c. of various bodies in contact of air. 


_ induce in them changes similar to what is induced up- 
on plates of glass or similar bodies piled upon each 
. other.. Therefore if a stratum of air be electrified po- 


 sitively, the stratum immediately above it will be ne- 


gative, the stratum above that positive, and so on. 
‘Suppose now that an imperfect conductor were to come 


“e 


accumulated i in any particular strata, will not immedi-. 


it. 


4. As air is an electric, the matter of electri icity, when -Consequen- 


ces of its 
accumula- 


ately make its way to the neighbouring strata, but wil] tion. 


> 


‘Occasions “ ~ 


a@ kind of 


combustion detail*the phenomena of thunder; that task must be re- 


in air. 


principles of electricity that the equilibrium would be i 


into contact with each of these strata, we know from the _ 


restored, and that this would be attended with aloud , - 
noise, aid with a flash of light. Clouds which consist 
of vesicular vapours mixed with particles of air are ims 
perfect conductors ; if a cloud therefore come into cons 
tact with two such strata, a thunder clap would follow. — 
If a positive stratum be situated near the earth, the ins 
tervention of a cloud will, by serving asa stepping- 
stone, bring the stratum within the striking distance, 
and a thunder clap will be heard while the electrical 
fluid is discharging itself into the earth. If the stra- 
tum be negative, the contrary effects will take place. 
It does not appear, however, that thunder is often occa- 
sioned by a discharge of electric matter from the earth 
into the atmosphere, The accidents, most of them at _ 
least, which were formerly ascribed to this cause, are 
now much more satisfactorily accounted for by Lord _ 
Stanhope’s Theory of the Returning Strokes Neither # 4 
does it appear that electricity is often discharged into 
the earth, as the effects of few thunder-storms aré vi- 
sible upon the earth ; that it is so sometimes, however, - Z 
is certain. ; . é 
But it is not the province of chemistry to examine ir 


signed tothe electrical philosopher. There is one cree, . 


- however, which cannot be omitted; it is this, that, du- 


ring every discharge of electricity, whether natural or 
artificial, through air, some change similar to combus- 
tion undoubtedly takes place. The light and the pecu- 
liar smell with which all electrical discharges are ac- _ 
companied demonstrate this ; for no light is perceptible a 
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\¢ change i is which electricity pan in air, or how 


PoE ot our aattaiaeete i Silt aeohinte But the 
q very extraordinary Galvanic phenomena which at pre« 
_ sent occupy the attention of philosophers, promise not 
7 only to throw light upon this important subject, but to 
g ~ demonstrate a much closer connection between chemis- 
_ try and electricity than has hitherto been suspected. 


* 
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electricity is discharged. in a vacuum. What Chap. 1L 
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‘waters, which exist in such abundance in almost evi ry 


BOOK Ii. 


Maxxnro must have sheared very early, that the 


part of the earth, differ. considerably from each other in 
their taste and transparency, and in their fitness for ser 
ving as vehicles for food, and for the various purposes 
of domestic economy. These differences are «ccasioned 
by the foreign bodies which the aqueous fluid holds in 
solution or suspension ; for water 1s never found native 
in a state of complete purity. In some cases the quan- q 
tity of these foreign matters is so minute as to have — 
but little influence on the taste or the other ore 

of water; but in other cases, the foreign bodies alter its 
properties altogether, and render it noxious, or medi- 
cihal, or unfit for the preparation of food. In the pre- 
sent Bock I shall take a general view of the different 
sprinys and collections of water; and give an account 
of their properties and component parts, as far as they 
have been hitherto ascertained. Now waters may he 


A 


+ 
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_ very conveniently divided into three classes: 1..Waters Chap. I. 
7 | Se 
_which may be used for dressing food, and the other. pur- Divisible 


poses of domestic economy to which water is usually png sn 
applied. These, for want of a better name, may be ss 

called common water. 2. Sea water. 3. Those waters 
which have been called mineral, in consequence of the 
- notable quantity of mineral substances which they con- 
_ tain, These three classes of waters shall form the sub- 


3 ject of the three following Chapters. 


ss 
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CHAP.L 


OF COMMON WATERS. © 
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‘ Goon water is as transparent as crystal, and entirely 

__ colourless. It has no smell, and scarcely any taste; 

* and in general the lighter it is, so much the better. If- io 
"we compare the different waters which are used for the 

4 common purposes of life with each other, and judge of 

them by the above standard, we shall find them to differ 
considerably from each other, according to the circum- 

_ stances of their situation. These waters may be redu- 

_ ced under four heads; namely, 1. Rain water; 2. Spring 

_and river water; 3. Well water; 4. Lake water. 

x. Rain water, unless when near a town or when col- Rain wa- 
lected at the commence:nent of the rain, possesses ie 
Pp operties of good water in perfection, and is as free 


from foreign ingredients as any native water whatever. 


we 
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ter. 


How puri- 
fied, 
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The substances which it holds in solution ate air, care 
bonic acid, carbonat of lime, and, according to Bergman, 
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: 


it sol some traces of nitric acid, and a little muriat 4 


of lime*. The existence of air in water was first 


pointed out by Boyle. Scheele has shewn that it is 
usually either in the state of oxygen, or at least cons 


tains an excess of oxygen,and that water absorbs oxy=— 


gen gas in preference to common air. The quantity of air 
in good water does not exceed -4th of the bulk. One hun- 


dred cubic inches of water contain generally about one 


cubic inch of carbonic acid gas. It is to the presence of 
these two elastic fluids that water owes its taste, and 
many of the good effects which it: produces on Aimee 
and vegetables. Hence the vapidness of newly boiled 
water from which these gases are expelled. Snow wa~ 
ter, when newly melted, is also destitute of all gaseou 


“) 


bodies +. Hence the reason that fish cannot live in ¥ 


Carradori has ascertained t. Hassenfratz, indeed, he 


endeavoured to prove, that snow water holds oxy- ; 


gen gas in solution; but in all pr obability the water . 


which he examined had absorbed air from the atmo- 


sphere. , P 
The quantity of muriat of lime contained in rain wa- 
ter must be exceedingly minute; 2s Morveau has ascer+ 
tained that rain water may be rendered sufficiently pure. 
for chemical purposes by dropping into it a little bas’ 
rytic water, and then exposing it for some time to the 
atmosphere, and allowing the precipitate formed to de- 


posite. According to that very accurate philosopher, 


the rain water which drops from the roofs of houses, 


after it has rained for some time, contains only a little — 


* Bergman, i. 87. + Ibid. $ Four. de Phyet slviii, 226. 5 
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ever the slates *, : | 3 

. ter. 

~ ter, which, gradually filtering through the earth, col- 

jects at the bottom of declivities, and makes its way to 

the surface. It is therefore. equally pure with rain 

_ water, provided it does not meet with some soluble 

 body-or other in its passage through the soil. But as 

| this is almost always the case, we generally find, even 

- inthe purest spr ing water, a little carbonat of lime 
and common salt, besides the usual proportion of air 

and carbonic acid gas. Sometimes also it contains mu- 

iat of lime or a siaie carbonat of soda}. Bergman 

, found the springs about Upsal, which are reckoned ex- 

j ceedingly pure, to contain the following foreign be- 

| dies: 


Z | 2. Oxygen gas, 5. Common salt, — 
_ 2: Carbonic acid, . ~ 6. Sulphat of potass, « 
3. Carbonat of lime, 7. Carbonat of soda. Hoe 
4. Silica, 8. Muriat of lime. 


The whole of these ingredients amounted at an ave- 

rage to 0.00004 parts; and the proportion of each of 
} the sclid bodies was as follows : : ij 
_ « ‘arbonatioflime 5.0 Muriat sf lime 0.5 
Br oe Common salt ... 3.0 Sulphat of potass 0.25 
3 Silica. as Carbonat of soda 0.25 
: River waters may be considered as merely a collec- River wa- 
tion of spring and rain water, and therefore are usually “™ 
a possessed of a degree of purity at least equal to theses 
4 Indeed, when their motion is rapid and their bed sili- 
/ceous sand, they are generally Pues than spring wa- 


ornate 


& Ann, de Chim, xxiv. 321. f Bergman, i. 88, * 


is 


~ sulphat ‘of lime, which it has dissolved as it trickled | Chap. 


2. The water of springs is nothing else than rain wa- Spring ys: 


- 


; 


Well water. 


Hard wa- 


ters. 


Water of 
lakes. 


alkali of the soap, while the earthy basis forms with 


usually contains a greater proportion of carbonic acid 
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ter; depositing during their motion every thing which 
was merely mechanically suspended, and retaining no#” 

thing more than the usual proportion of air and car- 
bonic acid gas, and a very. minute quantity of carbona= 
ted lime and common salt. When their bed is clayey, d 
they are usually opal-coloured, in consequence. of the 
particles of clay which they hold in suspension, y 


3. By well water is :meant the water which is obs 


tained by digging deep pits, which is not. in sufficient — 
quantity to overflow the mouth of the well; but which 
may be obtained in abundance by pumping. It is es- 

sentially the same with spring water, being derived 

from the very same source ; but it-is more liable to be 

impregnated with foreign bodies from the soil, in con- - 
sequence of its stagnation or slow filtration. Hence the : 
reason that well water is often of that kind which is 

distinguished by the name of bard water, because it © 
does not dissolve soap, and cannot be used for dressing 
several kinds of food. These properties are owing to 
the great proportion of earthy salts which it holds in 
solution. The most common of these salts is sulphat 
of lime. These earthy salts have the property of de- 


7 a 


composing common soap: their acid unites with the 
the oil a soap not soluble in water, which envelopes, 1 
the: soap and gives it a greasy fecl. These waters may — 

be in general. cured by dropping into them an alkaline 
carbonat.. Mr Sennebier has shewn that well water 


gas than spring or river water. * | 
4. The water of lakes is merely a collection of rain 

water, spring water, and river water, and of course® 

contains precisely the same heterogeneous salts: But it 


_ contaminated with the remains ‘of animal and vegetable 


_ bodies which have undergone putrefaction in it. For 


as lake water is often nearly stagnant, it does not op- 


pose the putrefaction of these bodies, but rather pro-. 


motes it; whereas in river water, which ‘is. constantly 
in motion, no putrefaction takes place. Hence the rea- 


which often distinguishes lake water. 


Marsh water.contains a still greater proportion of 


it is altogether stagnant. Moss water is strongly im. 


_ pregnated with those vegetable bodies which constitute 


: 
nannies 
CHAP. It: 
3 OF SEA WATER, 
- Or > Petts 4 
; | | 


; "Tue Ocean is the great reservoir of water into 


_ which the lakes and rivers empty themselves, and from > 


which is again drawn by evaporation that moisture 
which, falling in showers of rain, fertilizes the earth, 


_ and supplies the waste of the springs and rivers, This 
- constant circulation would naturally dispose one to be« 
lieve, a priori, that the waters of the ocean do not dif- 
_ fer much from the waters of rivers and lakes ; 
_ thing would be more erroneous than s 


eVox. If, Aa 


but no- 
uch a conclusion ; 


‘ 


son of the slimy appearance and the brownish colour. 


animal-and vegetable remains than lake water, because 


yy i 


Ut a Paes 2 gs Sa | : a 


; | 
Bookll.. for ‘thie sea water; as every one knows, diffe rs mates 
. rially f from common water in its taste, specific gravity, 4 
and other properties. It contains a much greater He 

portion of saline matter, particularly of common salt, is 

which is usually extracted from it. Indeed, if the sea ‘ 

| - Were fot impreenated with these saline bodies, the putre- q 

i 5 faction of the immense mass of aa and “eh 
A matter which it contains would in a short time prove | 
fatal to the whole inhabitants of the earth. Nay 
The absolute quantity of sea water cannot be nd 

) tained, as its mean depth is unknown. - Mr De la Place’) 
if has demonstrated, that a depth of four leagues is ne- 4 
cessary to reconcile the height to which: the tides are 

, | known to rise in the main ocean with the Newtonian 
theory of the tides*. If we suppose this to be the” 
mean depth, the quantity of water in the ocean must 4 
be immense. Even on the supposition that its mean — 
depth i is not greater than the fourth part of a mile, 1 its 
solid contents (allowing its surface to be three-fourths — 
of that of the superficies of the earth) would be 
-32,058,90393 cubic miles. . % * 
esd Sea water has a very disagreeable spies taste, at 
: least when taken from the surface or near the shore ; ‘4 
but when brought up from great depths, its taste is 

‘ only saline+. Hence we learn that this bitterness is 

i owing to the animal and vegetable bodies with which | 
it is mixed near the surface. Its specific gravity va- 

ries from 1.0269 to 1.0285 f. It does no freeze till 


Boe down to zero of Fahrenheit’ S scale. 


Quantity of’ 
sca water. 


\ 


*® Mem, Pav. 1776, p. 213: ¢ Bergman, i. 180, 
} Bladh, Kirwan’s Geological Essays, P. 355. ' Ps ¥ 


¢ 


| WATER, <} 
It ea he ascertained by the experiments of diffe- 
iD ‘rent.chemists|*, and especially by those of Bergman, 
that sea water consists of water holding in solution mu- 
iat of soda, muriat of magnesia, and sulphat of lime ; 
/ besides the animal and vegetable bodies with which it 
4 is occasionally contaminated. - The average quantity of 


up from the depth of 60 fathoms, near the Canaries, by 


37 tT. 
Chap. IL. 


Saline con- 
tents, 


} saline ingredients is 3, Bergman found water taken 
, 


i 

_ Dr Sparrman, to contain 4,. Lord Mulgrave found 
: ; 
— 


‘s the water at the back of Yarmouth sands to contain 
_ about ,4 part. From the analysis of Bergman, it ap- 


_ pears that the relative proportions of these saline con- 
i _tents are as follows: ' 


30.911 common salt 

: iu 6.222 muriat of magnesia 

iF i! _ 1.000 sulphat of lime 

¥ Therefore, according to this analysis, 100 parts of sea 
¢ "water are composed of 96.00 water 

; 3.25 common salt 
0.64 muriat of soda 


0.11 sulphat of lime | 


oe 100.00 


r 


As far as experiment hiss gone, the propor 


‘latitude in which the water of the ocean is examined, 
‘Lord Mulgrave, in north latitude 80°, and 60 fathoms 
“under ice, found the saline contents of sea water 0.0354; 
‘in latitude 74°, he found them 0.036 ; in latitude 60°, 
¢ 034. Pages found sea water taken up in north bite 
‘tude 45° and 39° to contain 0.04 of saline contents ; 


® Monnet, Lavoisier, Baumé, &c. have published analyses of sea water, 


4 Aa2°) | 


-Composi« 


tion 


tion up In different 
saline contents does not differ much, whatever be the Places 
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Latitude. . Saline Matter. — | 
An Ligolad: Hiaeraatl «| «ke oro4qae 
46 Se Year teak ee riety ar ge 0.045 nf , s 


gravity of sea water in different latitudes, it appears that 


ERE era "1 4 


and Beaumé obtained by analysis, from water taken up 
by Pages in north latitude34 and 14° exactly the same 4 : 
proportions of saline matter. In southern latitudes: : 
Pages found the following . proportions of saline mate 


GO 30 2 ee ee eee e O04! 
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From the experiments made by Bladh on the specific 4 


the water contains more Bhat at the tropics than towards a 


ae —— Specific 

gravity of 

“ water hold- 
ing diffe- 
rent pro- 
portions of 
salt in solu- 
tion. 


ter dil ferent quantities of the salts contained in sea wa- 


as the salt which he used was not perfectly pure, but 


the equator. 
If we were acquainted with the piebaneee between | 


the saline Popegiis ofisea water and its specific gravity 
it would be easy in all cases to ascertain the quantity ae 

saline matter merely by taking the specific, gravity of — 
the water we wish to examine. This would require a 


set of experiments on purpose ; dissolving i in pure wa- a 


ter in the proportions which they bear to each other, 
and ascertaining the specific gravity of every such solu- 
tion. . Wr Watson has given us a Table for ascertain- 


ing that point, as far as common salt is concerned 5 and _ 


contained a mixture of the different salts usually found 4 
in the sea, we may consider it as very nearly determining — 
the proportion of saline contents in sea water as far. as 
it goes. This Lapie therefore I shall here insert *. 


* ~ 2 7 
= s a 


_— 


a 
' 


* Watson’s Chemical Essays, v.94. 
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{Proport.) Specific Proport| Specific. {jProport.| Specific | ft ea 
‘sh gaa of Salt. Gravity. }| of Salt.} Gravity, |}o alt | Gravity. . re 
a ‘ Soult Geeedenememenannemcnnel Kemet “ - i \s 
PS iit COO mba gtp i) |) HOz2 hoe hy i 
; “1,206 =H, |) 2s02Q. reeg' } 13006, 4.0 Ma 
y % 1.160.||, "7 | 1.027 || -*_ | 1.005 ; 3 Si Ny ee 
e fimtar | ty | r.025 ft! | 00g : 
e BLOT | 40.1 bsO44 cee 1 E003 
; + 1.096 ee yh ea | Rene 1.0029 ( 
+ 1.087 || zy | 1.020 a) 1.0023 
8 ; wi 
r > 1.074 ro | 2.019 Wesse| food 
re {9-059 || ae [4-005 Wixise| 1.0017 
TZ 1.050 ee] t.084 7 22, Vrloota 
zy | 2.048 vr T,013 Tee Loeo8 
re | Ho45 vo | 2-082 eee | 2.0006 
re } r.040 Il vz ! 1.009 
fy | . 
: This Table was calculated at a temperature between 
% i 
— 46° and 55°; but Mr Kirwan has. reduced part of it 
_ to the rnb itirdce be 62°, in order to compare it with 
__ the specific gravities of sea water.taken at that tempe- 
rature, or at least reduced to it. The specific eravie ‘ : 
ties, thus altered by Kirwan, are as follows : 
Proportion of Salt. Specific Gravity at 62°. r 
Ir - + 
2 e . . ° e e e e s s 1.0283 \ ‘\ - ily 
| 
; , ‘ xe eo * pe ete 6G UFO | 6. Jen © 1.0275 , ~ 
B.S ‘ 
Zoe e id e e ° e e . s e L.0270 tage 
/ a7 - oe. 8 8. @ rb we a “6 1.02647 ; 
=r oye Fe oe ee} 8” » *2T.0250 aie 
ie? 7 e nt 
zo . e : ey er 65a" & Fe 6 1.0233 | t 
t Pd ‘ 
eo ° 2. e e e e e " e I 0185 ‘ 
. ' - ’ * y 
Za ° ° * ® ° e os e ° yy 1.0033 ‘ ; Aye 
i 
56 » « s e e ° e e * T.or ok . | f RY 
' Yr . 
TOF os Ee ewe © 2s © @ T.004 
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{Book ll... 'Fhis Table will enable us to ascertain the saline con- 
Nermmenrs amemnaan f i st ‘ 
tents of sea water in different parts of the Atlantic and 
Indian Oceans, from the following Taste of the speci- 
_ fic gravity of sea water in different parts of these oceans, 
constructed by Bladh, and reduced by Kirwan to the 
temperature of 62° *. 


Specific 
gravity of 
sea water in 


different North. 
places, gp? 30° 0 


Latitupe. |Loncirupe f.| Sp. Gr. at 62°. 


oe 
7 


30 25 
37.37 


= 


* Kirwan’s Geol, Essays, p.350 + The Lon.is counted from Teneriffe. : 


s 


WATERs. 


' 


From this Table, compared, with the last, we learn, 


tude 10° and 20°; the saline contents amounting to ras 
_ther'more than rq: Uhe quantity of salt between north 
- latitude 18° and 34° is rather less thaa-ip> at the e- 
 ‘quator it is nearly ,.. The proportion of salt is least 
of all in north latitude win’ , where. it amounts to little 
_ more than 5 ‘ 

From the experiments of Wilcke, we learn that the 
Baltic contains much less salt than the ocean ; that the 
proportion of its salt is. increased by a west wind, and 
still more by a north west wind. Fhe specific gravity 
‘of the Baltic water, ascertained by this philosopher un- 
derthese different circumstances, and reduced by Mr 
4 Kirwan to the temperature of 62°, is exhibited 1 in the 
a following TABLE: : 


’ 
‘ 
b, 


" Specific Gravity. 

; } 1.0039 Wind at E, 
1.00647 Ditto at W. 

| 1.0218 Storm at W. , 


1.0098 Wind at N.W. 


From this Table it appears that the proportion of - 


- salt in the Baltic, when an east wind prevails, is only 
ig; and that this proportion is doubled by a wester. 
ly storm: a proof not only that the saltness of the Bak. 
tic is derived from the neighbouring ocean, but that 
storms have a much greater effect. upon the waters of 
the ocean than has been supposed *. The Euxine and 


, Caspian Seas, if we believe Tournefort, are less salt 


ranean is at least as salt as the Atlantic. 
oe 


a * Kirwan’s Geological Essays, p. 356. $Y ournefort’s Voyages, ii, 410, 


Aad 


_ that the ocean contains most salt between south: lati- 
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The Dead 


Mineral 
waters ex=- 


a: plained, 


‘MINERAL a 


| The water of iid Dead Sea differs ieatiney: chee 4 
sea water. Its specific gravity is 1.24033 and it’ is sa~ a 
turated eich salt wees no less than 44.4 per cent. 
of saline matter. According to the analy of Mutoi~ 
sier, it is composed of a ae baile 

55.60 water sha | 
38.15 muriat of lime and of magnesia 
6.2 5 common salt _ 


100.00 * 


> ad 4 


The water of this lake, therefore, ought to be di- 
stinguished from sea-water; and might with od io 
be included among smzneral waters. é‘ 


CHAP Ill. 


ee ee 


OF MINERAL WATERS, ‘Ate 


Aut waters which are distinguished from common 
water by a peculiar smell, taste, colour, &c. and which 
in consequence of these properties cannot be applied to — 
the purposes of domestic economy, have been distins 
guished by the appellation of mineral ‘waters. These 
occur more or less frequently in different parts of the 
earth, constituting wells, springs, ° or fountains ; some- 
times of the temperature of the soil through which they” 


4 


p 


. 


* Mem. Par, 1778, p. 69 


WATERS, 


i boiling | temperature. Many of these mineral springs 
and were resorted to by those who laboured under dis- 


_ nally as a medicine. But it was not till towards the 
. end of the seventeenth’ century that any attempt was 


ia 


’ 
were composed, or to discover the substances to which 


4 
they owed their properties. 
: Mr Boyle may be considered as the fiat person who 
pointed out the metliod of exandining water. . He first 
ascertained the existence of air in it, and pointed out a 
number of tests, by means of which conjectures might 
_ be made concerning the ‘saline bodies which the water 
examined held in solution. In 1665; Dominic du Clos 
a attempted to examine the differcint mineral waters in 
France. “He employed almost all the re-agents recom- 
mended by Boyle, and likewise added several of his own. 
i din 1680, Hierne published a set of experiments on the 
mineral waters of Sweden’ Soon after various improve+ 
_ ments were introduced by Regis, Didier, Burlet, and 
‘ Homberg; and in 1726 Boulduc pointed out a od 
of precipitating several of the saline contents of water 


covery of carbonic acid by Dr Black, that any consider- 
_ able progress was made in ascertaining the composition 
of mineral waters. That subtile acid which is so often 
contained in them, and which serves as a solvent to 
_ many of the earths and even metallic ee had 
| thwarted all the attempts of former chemists to detect 
; the coroposition, of these liquids. Since the discovery 
ef that acid, the analysis of minéral waters has advanced 


a 


ass ‘sometimes warm, and in some cases even at: He 
a attracted the attention of mankind in the earliest ages, 


eases, and employed by them either externally or inter- 


» made to detect the ingredients of which: these waters 


a by means of alcohol. But it was not till after the dis- .’ 


Attempts 
to analyse 
them. 


a ode 
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Substances 
found in 
them, 


x. Air. 


2. Acids: 


MINERAL a 
) . | 
with great rapidity, in consequence, chiefly of the ade 
mirable dissertation on the analysis of mineral waters 
published by Bergman in 1778. Since that period much — 
has been done by the labours of Gioanetti, Black, 
Klaproth, Westrum, Fourcroy, Breze, Kirwan, and 
many other eminent chemists. So that notwithstand- 
ing the difficulty of the subject, scarcely any branch of ua 
chemistry has made greater progress, or is farther ad~ 
vanced than the knowledge of mineral waters. ; 
The substances hitherto found in mineral. waters — 
ammount to about 38, and may bé reduced under the four ; 
following heads: 1. Air and its component parts, oxy- ‘ 
gen and azotic gas. 2. Acids.» 3. Alkalies and earths. 
4. Salts. : 3 
I. 1. Air is contained in by far the greater number - | 
of mineral waters: its proportion does not exceed gyth a 
of the bulk of the water. ¢ a 
2. Oxygen gas was first detalles in waters byScheele, | 
its quantity is usually inconsiderable ; and it is incom- 
patible with the presence of sulphurated hydrogen gas 


or iron. 
3. Azotic gas was first detected in Buxton whter by a 
Dr Pearson. Afterwards it was discovered in Harrow- 
gate waters by Dr Garnet, and in those of geen. J 
Priors by Mr Lambe. | 
II. The only acids hitherto found in _ waters, except 
in combination with a base, are the four following ; 4 
carbonic, sulphurous, boracic, and sulphurated ig q 
gen gas. . 4 
1. Carbonic acid was first discovered | in Pyrmont 
water by Dr Brownrigg. It is the most common in- "I 


gredient in mineral waters, 100 cubic inches,of the wa- 
‘ ‘ : Pu | 


we 


eet: 


WATERS, 


“tet ettersily containing from 6 to 40 cubic inches of | 
‘gy acid gas. According to Westrum, roo cubic inches 
of Pyrmont water contain 187 cubic inches of it, OF 

aioe double its own bulk. 

2. Sulphurous acid has been observed in several. of 
the hot mineral waters in Italy, which are in the spi 
bourhood of volcanoes: \ 


3. The boracic acid has also been observed in she 
- lakes in Italy. 


4 conspicuous ingredient in those waters which are dis- 
4 Piconii by the name of hepatic or sulphureous. 

TU, ‘The only alkali which has been observed in mi- 
S bere waters, uncombined, is soda; and the only earthy 
| oT are silica and lime. ‘ 
t. Dr Black detected soda in the hot mineral waters 


cases the soda i 18 combined with carbonic acid. 


4. Sulphurated hydrogen gas constitutes the most’ 


of BF Geyngs and Rykum in Iceland; but in most other 


Pi ik) yon 
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3. Alkalies 
and earths. 


2. Silica was first observed in waters by Bergman. 


- It was afterwards detected in those of Geyzer and Ry- 

kum by Dr Black, and in those of Carlsbad by Klap- 
roth. Hassenfratz observed it in the waters of Pougues, 
and Brezé in those of Pu. It has been found ‘also in 
_ ‘many other mineral waters. 


3. Lime is said to have been found uncombined in 
| some mineral waters; but this uae hot been proved in 

a satisfactory manner. 
IV. The only salts hitherto found in mineral waters 
be the following sulphais, nitrats, muriats, carbonats, 


and bydrosulphur ets $ 


4. Salts, 


MINERAL 


I. otis of seida 


2: ammonia | 
gi by cut hulinie 
Qi magnesia 
ze alumina 
Gis 4 iron 
a copper 
8. Nitrat of potass 
gens lime 

10. magnesia 

11. Muriat of potass 

. i soda 

13. ammonia 
14. barytes 


Or these genera the carbonats and muriats occur by far 4 
most commonly, and the nitrats most rarely. ; 

1. Sulphat of soda is not uncommon, especially in — 
those mineral waters which are distinguished by the — 


epithet saline. 


2. Sulphat of ammonia is found in mineral waters 9 


near volcanoes, 


3. Sulphat of lime is exceedingly common in water: 
Its presence seems to have been first detected a Dra 


Lister in 1682. . 


4. Sulphat of magnesia is almost constantly an. in- 
gredient in those mineral waters which have purgative | 
It was detected in Epsom waters in 1610, 
and in 1696 Dr Grew published a treatise on it. 

5. Alum is sometimes found in mineral watersy) but 


properties. 


it is exceedingly rare. 


6. and rE Sulphat of iron occurs sometimes in vol~ 
-¢anic mineral waters, and has even been observed in 7 


15. Muriat of lime | it ‘ 


16. ; magnesia — 
17. alumina 
18. ue 7 
19. Carbonatof potass 

20. | soda ! ht. 
2h dbs ammonia = 
BBitos's lime? (5 
ry eed magnesia _ 
24. alumina — i 
25. ITOR - chev ge 


26. Lisdesaslalal ef lime 
27+ potass - 3 
28. And likewise borax. 


NS 


b 


Fen 
“* 
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~ other places. But’sulphat oft isoilane is only found in» vila 1 
i sli waters which issue from copper mines. | 
_ 8. Nitre has been found in some springs in bec ai ; 
bhi it is exceedingly uncommon. ! a ; 
 . Nitrat of lime was first detected in water by Dr 
Home of Edinburgh in 1456. It is said to occur in some: 
springs in the sandy deserts of Arabia. 
, ro. Nitrat of magnesia is said to have been found in 
some springs. 
11. Muriat of potass is uncommon; but it has lately 
been discovered in the mineral springs of hi bicaborygs in 
_ Sweden by Julin. | 
42. Muriat of soda is so exceedingly common in mine- 
o. ral waters, that hardly a single spring has been analysed 
without detecting some of it. 
- 13. Muriat of ammonia is uncommon; but it; has’ 


a? 


been found in some mineral springs in Italy and in 
_. Siberia. | : 
| z4. Muriat of barytes is still more uncommon; but 

its presence in mineral waters has’ been announced by 
Bergman. , : 

15. and 16. Muriats of lime and magnesia are com- 

mon ingredients. 

17. Muriat of alumina has been observed in waters 

_ by Dr Withering ; but it is very uncommon. 

-- 48. Muriat of manganese was mentioned by Berg. 

man as sometimes occurring in mineral waters. It has 

. lately been detected by Lambe in the waters of Leming- 

ton Priors ; but in an extremely limited proportion. 

1g. the presence of carbonat of potass in mineral 

"waters has been mentioned by several chemists: if it ak 
does occur, it must be in a very small proportion. 


20. But carbonat of soda is, perhaps, the most com- 
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mon ingredients of these liquids, if we except common x] 


salt and carbonat of lime. . : 


21. Carbonat of ammonia’ has Wa discovered in 


waters’; but it is uncommon. if 


22, Carbonat of lime is found in aliindet all waters, 


and is usually held in solution by an excess of acid. It. 
appears from the different experiments of chemists, as 


stated by Mr Kirwan, and especially from those of Ber- 


thollet, that water saturated with carbonic acid is ca-” 
pable of holding in solution 0.002 of carbonat of lime. ~ 
Now water saturated with carbonic acid at the tempe-=_ 


rature of 50°, contains very nearly 0.002 of its weight 
of carbonic acid.» Hence it follows that carbonic acid, 


when present in such quantity as to saturate water, is 


capable of holding its own weight of carbonat of lime 
in solution. ‘Thus we see.that 1000 parts by weight 


~ 


of water, when it contains two parts of carbonic acid, — 


is capable of dissolving two parts of carbonat of lime. 


When the proportion of water is increased, it is capable 
of holding the carbonat of lime in solution, even when 


the proportion of carbonic acid united with it-is dimi-_ 
nished.. Thus: 24;000 parts of water are capable of — 
holding two parts of carbonat of-lime in solution, even 


when they contain only one part of carbonic acid. The 


greatet the proportion of water the smaller a proportion | ~ 


of carbonic acid is necessary to keep the lime in solu- 
tion; and when the water is increased to a certain pro- 
portion, no sensible excess of carbonic acid is necessary. 
It ought to be remarked also, that water, how small a 


quantity soever of carbonic acid it contains, 1s ca-— 


pable of holding carbonat of lime in solution, provided 


the weight of the cartionic acid present exceed that of 


| waren 


| ”i "These dhadiwations apply ajiisity to the: 
other earthy ig ip held in solution es ‘oleae 
waters. | : 

_ 23. Carbonat of magnesia is also very common in 
mineral waters, and is almost always hain dycropak by 
j carbonat of lime. 


} tained. js 
_ 25. But carbonat of iron is by no means uncommon; 


indeed it forms the most remarkable ingredient in those 
prone wich are Ae she by the epithet of chaly- 


26. and 29. The hydrosulphuret of lime and a soda 
have been frequently detected in those waters which 
are called su!phureous or hepatic. 

28. Borax exists in some lakes in Persia and Thibet; 
but the mature of these waters has not been ascer= 
tamed t. 

Besides these substances, certain vegetable and ani- 
mal matters have been occasionally observed in mineral 
waters. But in most cases these are rather to be con: 

4 sidered in the light of accidental mixtures than of real 

“component parts of the waters in which they occur.» 

_ From the above enumeration, we-are enabled to form 

a pretty accurate idea of the substances which occur in 

_ mineral waters ; but this is by no’ means sufficient to 

-make us acquainted with these liquids. No mineral 

_water contains all of these substances. Seldom are 

. ‘more than five or six of them present ane 


ea nt aan ee ree 


24. Carbonat of alumina is said to have been found’ 
in waters; but its presence has not been properly ascer- 
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; 2. Chaly- 
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ten. The proportion, too, in which they enteranto mis — 
neral waters 1s generally small, and in many cases eX= — 
tremely so. Now in order to understand the nature of » 


carbonats. 3h 
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mineral waters, it is necessary to know the substances 


which most usually associate together, and the propor- _— 
tion in which they commonly associate. In the greate 
er part. of mineral waters there is usually some sub- 
stance present which, from its greater proportion or its’ 
greater activity, stamps, as it were, the character of the — 
water, and gives it those properties by which it is most 
readily distinguished. This substance of course claims — 
the greatest attenton, while the other bodies which en- _ 
ter in a smaller proportion may vary or even’ be ab- | 
sent altogether, without producing any sensible change 
in the nature of the water. This circumstance enables 
us to divide mineral waters into classes, distinguished — 
by the peculiur substance which predominates (in each. 
Accordingly they have been divided into four classes ; 5 


namely, | i. srl 


1. Acidulous, . 3. Hepatic, ; 

2; Chalybeate, ) 4. Saline. | ie. 

Let us take a view of each of these classes. © © 
1. The acidulous waters contain a considerable pro- 
portion of carbonic acid. They are easily distinguish- 
ed by their acid taste, and by their sparkling like 


champaign wine when poured into a glass. They con- 7 


| 

: 

4 

4 

tain almost constantly some common salt, and in gene- 

ral also a greater or smaller proportion of the earthy — | 

2. The chalybeate waters contain a portion of iron, { 
and are easily distinguished by the property which ae 
have of striking a black. with the tincture. of nutgalls. 

The iron is usually held in solution by carbonic acid. 
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Tt ety Bien happens that this acid is ‘in excess; in 
which case the waters are not only chalybeate but aci- 
-dulous. This is the case with the waters of Spa and 
; Pyrmont. In some instances the iron is in the state of 
a sulphat. The waters holding the sulphat of iron 
“cannot well be: applied to medicinal uses: they may 


4 be readily distinguished by the property which they 
have of continuing to strike a black with tincture of 
 nutgalls even: after being boiled and filtered; whereas 
; boiling decomposes the carbonat of iron, rele causes 
- its base to precipitate. | 
3. The hepatic or sulphureous waters are those which 
- contain sulphurated: hydrogen gas. These waters are 
‘nailed distinguished by the odour of sulphurated hydro- 
| gas which they exhale, and by the property which 
Eshey have of blackening silver and lead. The nature 
of the waters belonging to this class long puzzled che. 
‘mists. Though they often deposite sulphur’ sponta- 
’ Peiebwily yet no sulphur could be artificially, separated 
Ss from them. ~The secret was at last discovered by 
. Bergman. These waters are of two kinds: in the first 
the sulphurated hydrogen is uncombined; in the second 
it is united to lime or an alkali. They are frequently 
also impregnated with carbonic acid, and usually con- 
tain somé muriats or sulphats. 


4. Saline waters are those which contain only salts 
in solution, without iron or carbonic acid in excess. 
7 ‘They may be distinguished into four different orders. 
‘The waters belonging to the first order contain salts 


thesulphat. They are > known ai the name of hard wa- 


ers Betonehie to the second order are Paes in which 


: rare TT.” Bb 


whose base is lime, and generally either the carbonat or 


Chap. IIT. 


3. Hepatic. 


4. Saline, 


: nized by their salt taste, and like sea water usually con- 


of the third order contain sulphat of magnesia. 


Tee are SesAils recog %, 


common sali sidioiete 


tain some magnesian and calcareous salts. The pace 
They 
have a bitter taste and are purgative. Finally, the wa- 


ters of the fourth order are alkaline, containing carbonat 
‘of soda. They ate easily distinguished by the ROR 
which they have of singing vegetable blues green. 
Such is a short view of the different classes of mine-_ 
ral waters. A pretty accurate notion may be formed 
of the salts which most commonly associate, and of Hn 
proportions of each, from the following TABLE, which 
exhibits a synoptical view of the component parts of : at 
* considerable number of mineral waters as analysed by 
different chemists. | eh 3 
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“CHAP. IV. ye 


OF THE METHOD OF ANALYSING WATERS, — 


ma : 

‘anh | Tur analysis of waters, or the art of ascertaining then a 
a different substances which they hold in solution, and of a 
ik determining the proportion of these substances, is one — 
of the most difficult things inchemistry. The difficul- 
i mi ty arises, not only from the diversity of the bodies which — 
occur in waters, but from the very minute quantities : 
of some of the ingredients. ‘Though many attempts had © 
been made to analyse particular waters, and several of | 
these were remarkably well conducted, no general hae 
of analysis was known till Bergnian published his Trea-_ 
tise on Mineral Waters in 1798. i his admirable tract _ 


Bi) carried the s subject all at once to a very high degree of 
oN perfection, The Bergmannian method has been follow~ 
ed by succeeding chemists, to whom we are indebted 


Riel . not only for a great number of very accurate analyses ay 


b 
ow 


ee wan has in 1 799 published an Essay on the general an- © 


of mineral waters, but likewise for several improve~ 


ments in the mode of conducting the analy sis.- Mr ie 


Baie): | alysis of waters, no less valuable then that of Bergman; — 
containing all that has hitherto been done on the sub- 4 
ject, and pemchedst by the numerous experiments of Mr 


ae conducted. Mr ‘Rieean has given a new method of a an= ) 


alysis, which will probably 1 be adopted herentter 5 ; not 


only because it is shorter and easier than the Bergman- 
nian, but because it is susceptible of a greater degree 
 ofaceuracy. I propose in this Chapter to give an ac- 

_ count of this method. | ‘ 
The analysis of waters resolves itself into two diffe- 
i rent branches: 1. The method of ascertaining all the 
different bodies contained in the water which we are ex- 
_ amining. 2. The method of determining the exact pro- 
ne portion of each of these ingredients. These two branch- 
es shall form the sein of the two following Sec- 

. tlons. 


SEC Til 


‘ 


fg eee different bodies which are dissolved and combined 
ae water, are discovered by the addition of certain sub- 
\ "stances to the water which is subjected to examination. 
The consequence of the addition is some change in the 
“appearance of the water; and this change indicates the 
presence or the absence of the bodies suspected. The 


Mache aniens thus employed are distinguished by the name 


of tests, and are the instruments by means of which the 
_ analysis of water is accomplished. They. were first in- 
- troduced into chemistry by Boyle. and were gradually 


the first who ascertained with precision the degree of 


\ sale OF DETERMINING THE INGREDIENTS OF WATERS.- 


increased by succeeding chemists: but Bergman was. 
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_ For gases, 


Carbonic 
acid, 


Mineral a- 
cids, 


Sulphura- 
ted hydro- 
* gen, 


and arranged in such a manner as to give certain and 


water, give the infusion of litmus a permanent red, 
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till Mr Kisiven shewed how they might be combided 


precise indications whether or not any particular sub= 
stance constitutes a component part of water. Let us 
consider by what means the presence or the absence of — 


ie 


all the different substances which occur in: waters may 
be ascertained. - 
I. The gaseous bodies contained in water are obtain- _ 
ed by boiling it in a retort luted to a pneumatic appa- — 
ratus. ‘The method of separating and examining these — 
different bodies shall be described in the next Section. 
iI. The presence of carbonic acid, not combined with | 
a base, or combined in excess, may be detected by the 
following tests: 1. Lime water occasions a precipitate 
soluble with effervescence in muriatic acid. 2 . The 
infusion of litmus is reddened ; but the red eee gra~ 
dually disappears, and may be again restored by the ad- 
dition of more of the mineral water *. 3. When boiled | 
it loses the property of reddening the infusion of lit- 
mus. $ 


q 


If. The mineral acids when present, uncombined in 


even though the water has been boiled. Bergman has _ 
shewn that paper, stained with litmus, is reddened when 
dipt into water containing 4. of sulphuric acid. | 


IV. Water containing sulphurated hydrogen gasis || 
distinguished by the following properties: 1. It exhales 


— ee 


f 


* When the carbonic acid is uncombined with a base, it reddens the - 


infusion of litmus, though it amounts to nc more than one-sixteenth of 
the bulk of the water which contains it. When it is combined in excess, 
with a base, it must amount to one-sixth of the bulk of the water to pros 
duce that effect—See Kirwan on Mineral Waters, p. 35. 


~ 


get 


Ae ’ 7 
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yar oe 
the peculiar Sirti of sulphurated hydrogen gas. 2. It _ 


reddens the infustoy of litmus fugaciously. 3. It black- 
ens paper ‘dipt into a solution of lead, and nites 
the nitrat of silver black or brown. 

V. Alkalies, and alkaline and earthy stint are 
distinguished by the following tests: 1, The infusion 


5 


a) 


brown by alkalies, or reddish-brown if the quantity be 
4 minute. 


of turmeric, or paper stained with turmeric, is rendered 


This change is produced when the soda in 


waters amounts only to ,,,, part*. 2. Paper stain- 


ed with. Brazil wood, or the infusion of Brazil wood, is 
rendered blue: But this Shaye is produced also by the 


alkaline and earthy carbonats. Bergman ascertained 


that water containing Sent part of carbonat of soda ren- 


\ ders paper stained with Brazil wood blue}. 3. Litmus 


3 


blue colour. ? 
“and earthy carbonats also. 
 fugacious, we may conclude that the alkaliis ammonia. 

VI. Fixed alkalies exist. in water which occasions a 


‘precipitate with muriat of magnesia after being boiled. 


it may be obtained in the receiver by distilling:a por- 

tion of the water gently, and then it may be distinguish- 

ed by the above tests. | is 
WEL. Earthy and metallic carbonats are prpopinand 


t 
ae, === 


-® The same change is praduced by lime-water; but pure lime very 
*seldom indeed occurs in mineral waters. . It i is ‘needless to observe, that 
- the alkalies produce the same effect on turmeric, whether they be pure 
or in the state of carbonats. The earthy carbonats have no effect on~ 


f turmeric. 
nt Sulphat of lime likewise renders Brazil wood blue, 


Bb4 


paper reddened by vinegar is restored to its original | 
This change is produced bythe alkaline 
4. When these changes are 


Volatile alkali may be distinguished by the smell, or - 


Alkaline. 
and earthy a ae 
carbonats, 


Fixed ee ; 
hea er 


& 
Earthy and 
metallic 
carbonats, 
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: 


Iron, 


, Sulphuric 
i; acid, 
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by boiling the water containing them ; except carbonat ~ 


_of magnesia, which is only precipitated imperfectly. 


VIIL. Iron is discovered by the following tests: 


1. The addition of tincture of nutgalls gives water con. 


_ taining iron a purple or black colour. This test indi- 


cates the presence of a very minute portion of iron. If 


the tincture has no effect upon the water after boiling, 


though it colours it before, the iron is in the state of a 


carbonat. The following observations of Westrum on 
the colour which iron gives to nutgalls, as modified by ' 


other bedies, deserve attention. 
- A violet indicates an alkaline carbonat or alec salt. 
Dark purple indicates other alkaline salts. 
Purplish red indicates sulphurated hydrogen gas * 
Whitish and then black indicates sulpliat of lime. 
2. The prussian alkali occasions a blue precipitate in 
water containing iron. If an alkali be present, the blue 
precipitate does not appear unless the alkali be satura 
ted with an acid. 


IX. Sulphuric acid exists in waters which form a 


precipitate with the following saline solutions; . 

1. Muriat, nitrat, or acetite of barytes ‘ 

paiisilid > wud dsudece as ait uot fatmenmbae 

wip bh oma withee 2beedime 

4. Nitrat or,acetite of lead..nie, 
Of these the most powerful by far is muriat of barytes, 
which is capable of detecting the presence of sulphuri¢ 
acid uncombined, when it does not exceed the millionth 
part of the water. Acetite of lead is next in point of 
power. The muriats are more powerful than the ni. 


trats, The calcareous salts are least powerful. All 


* Or rather manganese, according to Kirwan. 


t s ; ie bie 
Be aa. e ! | 

tee tests are capable of indicating a much smaller 
‘proportion of uncombined sulphuric acid than when it 
is combined with a base *. To render muriat of bary- 
‘tes a certain test of sulphuric acid, the following pre- 
cautions must be observed: 1. The muriat must be di- 
luted. 2. The alkalies, or alkaline carbonats, if the 
water contain any, must be previously suturated with | 
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a muriatic acid. ; The precipitate must be insoluble in 
muriatic acid. 4. If boracic acid be suspected, muriat 
_ of strontian must be tried, which is not precipitated by 
- boracic acid. 5: The hydrosulphurets precipitate ba- 
rytic solution, but their soca is easily discovered by 
‘the smell. | : 


which occasions a white precipitate, or a cloud in wa- 
_ ter containing an exceedingly minute portion of this a- 

id. Yo render this test certain, the following precau- 
_tions are necessary: 1. The alkalies or carbonats must 


j a * Re - ss 
_be previously saturated with nitric acid. 2. Sulphuric 


yp Bei, if any be present, must be previously removed by 
means of nitrat of barytes. 3. The precipitate must 


ppbe insoluble in nitric acid. 

i XI. Boracic acid is detected by means of acetite of 
lead, with which it forms a precipitate insoluble in 
acetous acid. But to render this test certain, the alka- 
i lies and earths must be previously saturated with acetous 
| acid, afd the sulphuric and muriatic acids removed by 


” means of acetite of strontian and acetite of silver. 


€ ipitate which it forms with diluted sulphuric acid. 
| XU. Lime is eta by means of oxalic acid, aint 


* Kirwan on Mineral Waters, p. 65. 


X. Muriatic acid is detected by nitrat of silver, 


XID. Barytes is detected by the insoluble white pre- ; 


903) 5) a 
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e 
, 


Muriatic 
acid, 


~ 


Boracig a- 
cid, 


Magnesia 


and alumi- 


2 Ba, 
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Silica. 
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‘ 


occasions a ewhiite precipitate in water, containing avery 


. minute proportion of this earth. To render this test 


decisive, the following precautions are necessary: 1.'The 


mineral acids, if any be present, must. be previously | 


saturated with an alkali. 2. Barytes, if any be eg 


must be previously removed by means of sulphuric acid. 
3- Oxalic acid precipitates magnesia but iWeny slowly, 
whereas it precipitates lime instantly. 

XIV. Magnesia and alumina. ‘Che presence of these 


~ 


earths is ascertained by the following tests: 1. Burex: 


ammonia precipitates them both, and no other earth, — 


provided the carbonic acid has been previously separated _ 


by a mineral alkali and boiling. 2. Lime-water preci- 


pitates only these two earths, provided the carbonic — 


acid be previously removed, and the sulphuric acid also, 
by means of nitrat of barytes. Tet 


The alumina may be separated from the magnesia. 


after both have been precipitated together, either by 


boiling the precipitate in pure’ potass,. which dissolves i 


may be dissolved in muriatic acid precipitated by an al- 


kaline carbonat, dried in the temperature of a 100°, 
and then exposed to the action of diluted muriatic acid, 
which dissolves the magnesia without touching the alu- 
mina. Cane 

XV. Silica may be ascertained by evaporating a, por- 
tion of the water to dryness, and redissolving the preci- 


pitate in muriatic acid. he silica remains behind un. 


dissolved, 
Such is the method of detecting the different sub- 


stances aoa foundin water& But as these different 
substances are almost always combined together, so as to 
constitute particular salts, it is not sufficient to know in. 


a: 
the alumina and leaves the magnesia; or the precipitate. 


_general what the substances are which are Houta i in the 
water we are examining ; we must know also in what 
manner they are combined. Thus it is not sufficient. 
_ to know that lime forms an ingredient in a particular 
- ‘water, we must know also the acid with which it is 
4 united. Mr Kirwan first pointed out how to accom- 
lish this difficult task by means of tests. - Let us take 
a short view of his method.’ 


f 


phats. . 


The sulphats which occur in water are seven, but 


_ mon, that it may be excluded altogether, The same 
: “remark applies t to sulphat of ammonia. | It is almost un- 
e “necessary to observe, that no sulphat need be looked for 
~ unless both its acid and base have been’ previously de- 
7 ‘tected in the water. 

Dover Sulphat of soda may be ected by the following 


* method : Free the water to be examined ‘of all earthy 
H sulphats by evaporating it to one half, and adding lime. | 


4 
_ water as long as any precipitate appears. By this means 
_ the earths will all be precipitated except lime, and the 


: which will be separated) by evaporating the liquid till 


ittle alcohol, and after filtration adding a little oxalic 


q acid. 


addition of a little alcohol, it is a proof that stilphat 


be determined by mixing some of ithe purified water 
with acetite of ae Sulphat of barytes foe 


I, To ascertain: the presence of the Septet sulk Sulphate 


‘one of these, namely, sulphat of copper, is so uncom-_ 


_ only remaining earthy sulphat will be sulphat of lime, 

bit becomes concentrated, and then dropping into it a. 
With the water ap purified, mix a solution of lime. } 
If a precipitate appears either immediately or on the’ 


of potass or of soda isfresent. Which of the two may 
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* 


I, Allain: " 


2. Calcare- 
@us. 


3, Alum. 


5. Of iron, 


Muriats. 


soluble in 500 parts of water and the solution affords a 


esate ANALYSIS OW he Se ‘t 


Filter and evaporate to dryness. Di er the residinme 
in alcohol. ’ It will dissolve the alkaline acetite. apo 
rate to dryness, and the dry salt will deliquesce if it be — 
acetite of potass, but effloresce if it be acetite of soda. i: 
2. Sulphat of lime may be detected by aii 
the water suspected to contain it to a few ounces. << ; 
precipitate appears, which, if it be sulphat of lime, is 


q 


precipitate with the muriat of barytes, oxalic acid, care . 
bonat of magnesia, and with alcohol, 4 
3: Alum may be detected by mixing carbonat a lime — 
with the water suspected to contain it. If a precipitate 
appears it indicates the presence of alum, or at least 
of sulphat of alumina; ; provided the water contains nO 
muriat of barytes or metallic sulphats.. The first of 
The second 


may be removed by the alkaline prussiats. ‘When a pre- 


these salts 1s incompatible with alum. 


cipitate is produced in water by muriat of lime, car- 
bonat of lime, and muriat of magnesia, we may conclude ~ 
that it contains alum or sulphat of alumina. | 
4. Sulphat of magnesia may be detected by means of — 
hydrosulphuret of strontian, which occasions an imme- 
diate precipitate with this salt and with no other ; pro- 
vided the water be previously deprived of alum, if any . 
be present, by means of carbonat of lime, and provided — 
also that it contains no uncombined acid, not even car- m 
bonic acid, ! 


g. Sulphat of iron is precipitated from water aa ale 7 
dchaly and then it may be easily recognised vf its prow 
perties. ? 


gM. To ascertain the presence ‘of the different mu. 


ay 


The muriats found in waters amount to eight or to 


. 
; 
= Lage 
« a, © 


t : 


ine, a muriat of iron be included. ‘The most common 
ey far is muriat of soda. : 

I. Muriat of soda and of potass may be detected by 
a following method: Separate the sulphuri¢ acid by 
alcohol and nitrat of barytes. Decompose the earthy 


_ the excess of muriatic and nitric acids by heat. Sepa- 
“rate the sulphats thus formed by alcohol and barytic 
water. Ihe water thus purified can contain nothing 
“but alkaline nitrats and muriats. If it forms.a precipi- 
- tate with acetite of silver, we may conclude that it con- 
"tains muriat of soda or of potass. To ascertain which, 
praporate the iiquid thus precipitated to dryness; dis- 
solve the acetite in alcohol, Evaporate to dryness. The 
salt will deliquesce if it be acetite of potass, but effloresce 
iri it be acetite of soda. 

2. Muriat of barytes may be detected by sang 
acid, as it is the only barytic salt hitherto found’: in 
i" waters. 

3- Muriat of lime may be detected by the pullowiig 
ie method: Free the water of sulphat of lime and other 
aS ‘sulphats, by evaporating it to a few ounces, mixing it 
bi with spirit of wine, and adding last of all nitrat. of, 
 barytes as long as any precipitate appears. Filter off the. 
water, evaporate to dryness, treat the dry mass with 
: alcohol. Evaporate the alcohol to dryness and dissolve 
the residuum in water. If this solution gives a precipi- 
_ tate with acetite of silver and oxalic acid, it may con- 
tain muriat of lime. It must contain it ‘in that case, 
if, after being treated with carbonat of lime, it gives no 
hr ie ammonia. Tf it sip Va Sabb the lime 


reat. df the liquid 1 in chy receiver gives a precipitate with 
itrat of silver, muriat of lime existed in the water. 


7 


t nitrats and muriats by adding sulphuric acid. Expel 


SOR 
Chap. IV. : 
pom Pa 


x. Alkaline. 


* 
2. Barytic, : 


3. Calcare- - 
ous. 


ile on 
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vs 


4. Muriat of magnesia may be detected by separating 


4. Magne- all the sulphuric acid by means of nitrat of barytes. 


sian. . 


5. Alumi- 
nous: 


Nitrats. 


‘Filter, evaporate to dryness, and treat the dry mass | 
with alcohol. LEvaporate the alcohol solution to dry- 
ness, and dissolve the residuum in water. The muriat 
of magnesia, if the water contained any, will be found — 
in this solution. Let us suppose that, by the tests for- | 
merly described, the presence of muriatic acid and of — 
magnesia in this solution has been ascertained. In that_ 
case, if carbonat of lime affords no precipitate, and if | 
sulphuric acid and evaporation, together with the addi= 
tion of a little alcohol, occasion no precipitate, the solu= 
tion contains only muriat of magnesia. If these tests 
give precipitates, we must separate the lime which is | 
present by sulphuric acid and spirit of wine, and: distil 
off the acid with which it was combined. Then the 
magnesia is to be separated by the oxalic acid and al-§ 
cohol; and the acid with which it was united is to be di. | 7 
stilled off. If the liquid in the retort gives a precipitate — 
with nitrat of silver, the water contains muriat of mag- 
nesia. | r 
5. Muriat of alumina may be discovered by satura- 
ting the water, if it contain an excess of alkali, with 
nitric acid, and separating the sulphuric acid by means — 
of nitrat of barytes. If the liquid thus purified gives 
a precipitate with carbonat of lime, it contains muriat | 
of alumina. The muriat of iron or of manganese, if 
any be present, is also decomposed, and the iron preci- _ 
pitated by this salt. The precipitate may be dissolved 
in muriatic acid, and the alumina, iron, and manganese, 
if they be. present, may be separated by the rules laid. 
down in the next Book. 


lil. To ascertain the presence of the different nitrats. 
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© The nitrats but seldom occur in waters.; when they do, 
they may be detected by the following rules : 

1. Alkaline nitrats may be detected by freeing the 
} water examined from sulphuric acid by means of ace- 
_ tite of barytes, and from muriatic acid by acetite of sil- 
ver. Evaporate the filtered liquid, and treat the dry 
mass with alcohol; what the alcohol leaves can consist 
7 only of the alkaline nitrats and acetite of lime. Dissolve 


_ itin water. If carbonat of magnesia occasions a pre- 
cipitate, lime is present. Separate the lime by means 


of carbonat of magnesia. Filter and evaporate to dry- 


ness, and treat the dried mass with alcohol. The alco- 
hol now leaves only the alkaline nitrats, which may be 


easily recognised, and distinguished by their respective 


properties. «. | 

2, Nitrat of lime. To detect this salt, concentrate 
the water, and, mix it with alcohol to separate the sul. 
: phats. Filter and distil off the alcohol; then separate 
_ the muriatic acid by acetite.of silver. Filter, evapo- 
_ rate to dryness, and dissolve the residuum in alcohol. 
_ Evaporate to dryness, and dissolve the dry mass in wa- 
ter. If this last solution indicates the presence of lime 
[ by the usual tests, the water contained nitrat of lime. 
: 3. To detect nitrat of magnesia, the water. is to be 
freed from sulphats and muriai» exactly as described 
- in the last paragraph. . The liquid thus purified is to 
_ be ‘evaporated to dryness, and the residuum treated 


_ with alcohol. The alcohol solution is to be evaporated 
to dryness, and the dry mass dissolved in water. To 
- this solution potass is to be added as long as any preci- 
, pitate appears. The solution, filtered, and again evapo- 
‘rated to dryness, is to be treated with alcohol. If it 
leaves a residuum consisting of nitre (the only residuum 
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3. Magne- 
sian, 


jt "s i vy it \ ty a , ue er ; f 
} LMI E a bene mas “ANALYSIS $ oF “5 ¢ 
De u f ee 
Book I. which it can n leave) the water contained nitrat of mage 
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| Such a are eis methods by which the presence of nel 


Sis _ Incompati- 

Weert - blesalts. — gifferent saline contents of waters. may be ascertained. 4 

‘ Bey 60s The labour of analysis may be considerably shortened, - | 

ae | "by observing that the following salts are incompatible 
ea with each other, and cannot exist together 1 in water €X= a 

. a) 

 — cept in ene minute proportions * “a 3 

: 3 SALTS. INCOMPATIBLE WITH ate a 

; | _ q. Fixed alkaline sul- apf of lime and magnesia, — ¢ 

hie phats ..... CMuriats of lime and magnesia. ‘ 

; ; | ( Alkalies, | | ‘ 

| 2. Sulphat of lime Carbonat of magnesia, 

bA te ve Muriat of barytes. ’ oa 

By _( Alkalies, Satu st 


| Muriat of barytes, 
Bri, ASE dies bag 1. NHtPae, muriat, carbonat of iii, 
| Carbonat of magnesia. . 
‘{ Alkalies, 
Muriat of barytes, 
ae ' Nitrat and muriat of lime. © 
ae . } | . fAlkalies, 
. 5. Sulphat of iron Muriat of barytés, 
Earthy carbonats. 


4. ‘Sulphat of magne+ 


nesia s e 2 s . 


. Sulphats, 
; 4 6. Muriat of barytes 4 Alkaline carbonats, 
Bik 7 | farthy carbonats, 
oO | i Sulphats, except of lime, - | 
: f ». Muriat of lime Alkaline carbonats, =| 
. | | Carbonat of magnesia. ; 
Pes | 
a} a 
3 #* See Kirwatt on Mineral Waters, passim. © 
a 
ee 
i * 
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8. Muriat of magne- { Alkaline carbonats, Chap. IV. 
§ ’ ‘3 ; 


Gt em S's city Alkaline sulphats. 
a Alkaline carbonats, © — 
9 Nitrat oflime J Carb. of magn. and alumina, 


Sulphats, except of lime. 


: Besides the substances above described, there is 
sometimes found in water a quantity of bitumen com- : ‘ 
bined with alkali, and in the state of soap. In‘such 
__ Waters acids occasion a coagulation ; and the coagulum 


_ collected on a filter discovers its bituminous nature by 
_ its combustibility. 


Water also sometimes contains extractive matter; the 
presence of which may be detected by means of nitrat 

of silver. The water suspected to contain it must be 
Doe from sulphuric and nitric acid by means of ni- ; 
“trat of lead. After this, if it gives a brown precipitate i 

- with nitrat of silver, we may conclude that extractive 
matter is present *. | 
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| ‘METHOD oF DETERMINING THE PROPORTION OF THE 

f INGREDIENTS. 

k apts proportion of saline ingredients, held in solution 

_ by any water, may be in some measure estimated from. ~ 
“its specific gravity. The lighter a water is, the less sa. 
line matter does it contain ; and, on the other hand, the 
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heavier it is, the greater is the proportion of saline cott= - 


method of estimating the saline contents of a mineral 
water whose specific gravity is known; so that the er~ 
ror does not exceed one or two parts in the hundred. 
The method is this ; Subtract. the specific gravity of 
pure water from the specific gravity of the mineral wa- 
ter examined (both expressed in whole numbers), and. 
multiply the remainder by 1.4. The product is the 
saline contents in a quantity of the water denoted by 
the number employed to indicate the specific gravity of — 
distilled water. Thus let the water be of the specific 


gravity 1.079, or in whole numbers 1079. ‘Then the 


. tents. Mr Kirwan has pointed out a very ingenious ' 


Spebinic sravity of distilled water will be toco. And ; 


1079 — 1000 X t.4= 110.6 = saline contents In 1000 


4 


parts of the water in question and wera £1.06 | 


in 100 parts of the same water *. This formula will © 
often be of densidevalite use, as it serves as a kind of 


standard to which we may compare our analysis. The ~ 
saline contents indicated by it are supposed to be freed. 


from their water of crystallization ; in which state on- 


ly they ought to be considered, as Mr Kirwan has very” 
properly observed, when we speak ofthe saline con- 
tents of a mineral water. 

Having by this formula ascertained pretty nearly the 
proportion of saline contents.in the water examined, 
and having by the tests described i in the last Section de- 


termined the particular substances which exist in it, let 
us now proceed to ascertain the proportion of each of. 


these ingredients. ‘¢ 


* Kirwan on Mineral Waters, p. 145. 
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Ae The: different acrial. Auids ought to he first bia Chap. IV. Bhd hi 
- rated and estimated. For this purpose a tetort ought. fa: 
; to be filled two-thirds with the water, ‘and connected 
@ with a jar full of mercury, standing over a mercurial ; 
trough. Let the water be made to boil fora quarter To estimate / is 
{ . : h i ; the gaseous y 
of an hour. The aerial fluids will pass over into the podics, hy 
jar. When the apparatus is cool, the quantity of air \ 
expelled from the water may be determined either by : Ne 
_ bringing the mercury within and without the jar to a Le Mi 
level; or if that cannot be done, by reducing the air to BR 
the proper density by the formulas given in the first’ ; 
Chapter of the last Book. The air of the retort ought - 
to be carefully subtracted, and the jar must be divided : 
into cubic inches and tenths. 
The only gaseous bodies contained in water are com 
mon air, oxygen gas, azotic gas, carbonic acid, sulphu- 
rated hydrogen gas, and sulphurous acid. The last 
two never exist in water together. The presence of 
either of them: must be ascertained previously by the | 
application of the proper tests. If sulphurated h 1ydrogen 
gas be present, it will be mixed with the air contained 
in the glass jar, and must be separated before that air be: a 
examined, For this purpose, the jar must be carried ki 
into a tub of warm water, and nitric acid introduced, 
which will absorb the sulphurated hydrogen. The re. 
siduum i is then to be again put into a mercurial j jar and - 
examined. . 
b If the water contain sulphurous dell. this previous 
step is not necessary. Introduce i into the air a ‘solution nes 
of pure potass, and agitate the whole gently. The car- 
‘bonic acid and sulphurous acid gas will be absorbed, 
Bnd leave the other gases. Estimate the bulk of this 
residuum ; this, Suhr eatted from the bulk of the whole, | ng 
‘§ Cc 2, 
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will give the bulk of the carbonic acid and sulphurous _ 
acids, absorbed. 

Evaporate the potass slowly nearly to dryness, and 
leave it exposed to the atmosphere. Sulphat of potass — 
will be formed, which may be separated by dissolving 
the carbonat of potass by means of diluted muriatic acid 
and filtering the solution. 100 grains of sulphat of potass 
indicate 30 grains of sulphurous.acid, or 42. .72 cubic 
inches of that acid in the state of gas. ‘The bulk of | 
sulphurous acid gas ascertained by this method, sub- : 
tracted from the bulk of the gas absorbed by the potass, 
gives the bulk of the carbonic acid gas. Now 109 cubic” 
inches of carbonic acid, at the temperature of 60° and 
barometer 30 inches, weigh 46.393 grains. Hence it is 
easy to ascertain its weight. 

The air which remains after the separation of the 
carbonic acid gas is to be examined by the different 
eudiometrical methods described in the last Book. 

When a water contains sulphurated hydtogen gas, _ 
the bulk of this gas is to be ascertained in the following | 
manner: Fill three-fourths of a jar with the water to 
be examined, and invert it in a water trough, and in- 
troduce a little nitrous gas. “This gas, mixing with the | 
air in the upper part of the jar, will form nitrous acid, 
which will render the water turbid, by decomposing 
the sulphurated hydrogen and precipitating sulphur. 
Continue to add nitrous gas at intervals as long as red 


fumes appear, then turn up the jar and blow out the 
air. If the hepatic smell continues, repeat this process.. 
The sulphur precipitated in licates the proportion of he- 
patie gas. in the water; one grain of sulphur indicating 
the presence of 3.33 cubic inches of that gas. 

Il, After having estimated the gaseous bodies, the 
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9 next step is to ascertain the proportions of the earthy a, 


¢arbonats. For this purpose it is necessary to deprive Toestimate 
the water of its sulphurated hydrogen, if it ¢ontains OF 
“any, This may be done, either by exposing tt to the 
air for a considerable time, or by treating it with li- 
tharge. A sufficient quantity of the water thus purified 
(if necessary) is to be boiled for a quarter of an hour. 
and filtered when cool.. The earthy carbonats remain 
-in the filter. 

The precipitate thus obtained may be carbonat of 
lime, of magnesia, of iron, of alumina; or even sulphat 
of lime. Let us suppose all of these substances to -be 
present together. ‘Treat the mixture with diluted mu- 

'riatic acid, which will dissolve the whole except the 
alumina and sulphat of lime. Dry this residuum ina 
red heat, and note the weight. Then boil it in carbonat 
of soda: saturate the soda with muriatic acid, and boil 
the mixture for half an hour. Carbonat of lime and 
alumina precipitate. Dry this precipitate, and treat it 
with acetous acid. The lime will be dissolved and the 


os 


alumina will remain. Dry it and weigh it. Its weight 
subtracted from the original weight gives the propor- 
tion of sulphat of lime. - 
The muriatic solution contains lime, magnesia, and 

iron, _Add ammonia as long as a reddish. precipitate . 
appears. The iron and part of the magnesia are thus 
"separated. Dry the Joie ie expose it to the 
air for some time in a heat of 200°; then treat it with. 
Bretous acid to dissolve the magnesia, which solution is 
to be added to'the muriatic solution. ‘The iron is. to 7 


. _ Add sulphuric acid to as, muriatic solution as long 


joer 38. 
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“concentrate. Heat the sulphat of lime thus obtained 


then precipitate the barytes by sulphuric acid. roo parts | 


-phuric acid, and note the weight of real acid necessary. 
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as any precipitate appears, then heat the solution and , 


to redness, and weigh it. 100 grains of it are equiva- 
lent to 7o of carbonat of lime dried. Precipitate the. 
magnesia by means of carbonat of soda. Dry it and 
weigh it. But as part remains in solution, evaporate ; 
to dryness, and wash the residuum with a’ sufficient 4 
quantity of distilled water to dissolve the muriat of soda — 
and the sulphat of lime, if any be still present. What» 
remains behind is carbonat of magnesia. Weigh It, and q 
add its weight to the former. The sulphat of lime, “4 
any, must also be separated and weighed. 

if. Let us now consider the method of ascertaining 
the proportion of niinerdl acids or alkalies, if any be 
present uncombined, The acids which may be present 1 
(omitting the gaseous) are-the sulphuric, muriatic, and | 
boracic. hag 

1. The proportion of sulphuric acid is easily deter- 
mined. Saturate it with barytic water, andignite the 
precipitate. roo grains of sulphat of barytes. thus — 
formed indicate 23.5 of real sulphuric acid. sion alae 

2, Saturate the muriatic acid with barytic water, and. 


of the ignited precipitate are equivalent to 21 grains of © 
real muriatic acid. 
3. Precipitate the boracic acid by means of acetite of 
lead. Decompose the borat of lead by boiling it in’ sul- 
phuric acid. Fvaporate to dryness.. Dissolve the bo- 
racic acid in alcohol, and evaporate the solution; the 
acid left behind may be weighe “t 
4. To estimate the aN: of alkaline carbonat 


present in a water Containing it, saturate it with sul» 


_ Now 100 grains of real sulphuric acid saturate 121.48 
potass, and 78.32 soda. | 
IV... Let us now consider the method of nacebaining 


‘ alumina, magnesia, and iron. 
1. The alkaline sulphats may be estimated by preci- 
pitating their acid by means of nitrat of barytes, having 
_ previously freed the water of all other sulphats. . For 
170 grains of ignited sulphat of barytes indicate roo 
_ grains of dried sulphat of soda; while 136.36 grains 
, of sulphat of barytes indicate 1co of dry sulphat of 
 -potass. tig 
| 2. Sulphat of lime is easily estimated by evaporating 
- the liquid containing it to a few ounces (having pre- 
~ viously saturated the earthy carbonats with nitric acid), 
“and precipitating the sulphat of lime by means of 
weak alcohol. + It may be then dried and weighed. : 
3. The quantity of alum may be estimated by preci- 
pitating the alumina by carbonat of lime or of magnesia 
(if no lime be presentiin the liquid). Twelve grains of 
the alumina ‘heated to incandescence indicate -100 of 
th erystailized alum, or 49 of the dried salt, 


4. Sulphat of magnesia may be estimated, provided 


no other sulpliat be present, by precipitating the acid 
by means of a barytic salt, as x00 parts of ignited suj- 
_ phat of barytes indicate 52.11 of sulphat of magnesia. 


if sulphat of lime, and no other sulphat accompany it, 


Ps by carbonat of magnesia. ‘The weight of the lime thus 
obtained enables to ascertain the quantity of sulphat of 
lime contained in the water. ‘The. whole sulphuric 
acid is then to be precipitated by barytes. This gives 
Ce4, -, 


i Gis proportion of the different sulphats. These are six: 
a in number ; the alkaline sul Iphats, and those of lime, 


this last may be decomposed, and the lime precipitated 


Chap. IV. 
ene aneeeed 


To estimate 
sulphats, 


Oe 


2. Calcare- 
ous, 


1 "Alkaline, 


Sata Doe aoe a 


SSS tae 


ia 


am ~ 


ate 
aoe 


= 


<< 


= 


AY 


a a 


— 
tats 


5. Of iron. 


be again precipitated, dried, and weighed. 
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the quantity of sulphuric acid; and subtracting the por. : 
tion which belongs to the sulphat of lime, there re- 


mains that which was combined with the, magnesia, 


‘from which the panna of magnesia may be easily 


estimated. ye ea 

If sulphat of soda be present, no earthy nitrat or mu- 
riat can exist. Therefore, if no other earthy sulphat 
be present, the magnesia may be precipitated by soda, 
dried, and weighed ; 36.68 grains of which indicate 
100 grains of dried sulphat of magnesia. The same 
process succeeds when sulpat of lime accompanies these. 
two sulphats ; only in that case the precipitate, which 
consists both of lime and magnesia, is to be dissolved 
in sulphuric acid, evaporated to dryness, and treated 
with twice its weight of cold water, which dissolves the 


Let the 


sulphat of magnesia, and leaves the other salt. 


-sulphat of magnesia be evaporated to dryness, exposed 


to a-heat.of 400°, and weighed. 
succeeds if alum be present instead of sulphat of 
lime. The precipitate in that case, previously dried, 
is to be treated with acetous acid, which dissolves the 
The magnesia may 


If sulphat _ 
of iron be’ present, it may be separated by exposing the 


magnesia, and leaves the alumina. - 


; 


. 


The same process — 


water to the air for some days, and mixing with it a 


Both the oxide of iron and the 
sulphat of alumina, thus formed, precipitate in the state 


portion of alumina. 
of an insoluble powder. The sulphat of magnesia may 
then be estimated by the rules above explained. 

5. Sulphat of iron may be estimated by precipitating 
the iron by means of prussic alkali, having previously 
determined the weight of the precipitate produced by 


the prussiat in a solution of a given weight of sulphat ) 
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_ of iron in water. “If muriat of iron be also present, 


' porating the water to dryness, treating the residuum 
_ with alcohol, which’ dissolves the muriat, and leaves 
_ the sulphat. Or the ‘sulphat may be estimated with 

great precision by the rules laid down by Mr Kirwan* 

V.Let us now consider the method of estimating the 
quantity of the different muriats which may_exist in 
waters. | etl i" 

If muriat of potass or of soda, without any other 
salt, exist in water, we have only to decompose them 

. by nitrat of silver, and dry the precipitate ; for 227.65 
_ of muriat of silver indicate 100 of muriat of potass, 

~ and 235 of miuriat of silver indicate 100 of common 
salt, : 

The same -process is to be followed if the alkaline 
carbonats be present; only these carbonats must be 
previously saturated with sulphuric acid ; and we must 

precipitate the muriatic acid by means of sulphat of 
silver instead of nitrat. The presence of sulphat of 
soda does not injure the success of this process. 

If muriat of ammonia accompany either of the fixed 
alkaline sulphats without the presence of any other salt, 
” decompose the sal ammoniac by barytic water, expel 
the ammonia by boiling, precipitate the barytes by di- 
luted sulphuric acid, saturate the muriatic:acicd with 

_ soda, The sulphat of barytes thus precipitated indi- 
_ cates the quantity of muriat of ammonia 5 100 graing 
» of sulphur indicating 49.09 grains of thatsalt. If sul- 
‘. _phats be present in the solution, they woes to be pre- 
ay separated. 
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If common salt be accompanied by muriat of lime, 


aise . ° . +! a 
‘Muriat of magnesia, muriat of alumina, or muriat of 


iron, or by all of these togerhes without any other salts, 
the earths may be precipitated by barytic water, and 
redissolved in muriatic acid. They are then to be se- 
parated from each other by the rules formerly laid 
down ; and their weight being determined indicates the 
quantity of every particular earthy muriat comtained 
in the water. For 50 grains of lime indicate 100 of. 
dried muriat of lime; 30 grains of magnesia indicate 
roo of the muriat of that earth; and 21.8 grains of 
alumina indicate 100 of the muriat of alumina. The 
barytes is to be separated from the solution by sulphu- 


turated with soda; the common salt may then be as- 
certained by evaporation, subtracting in the last case 
the proportion of common salt indicated by the known 
quantity of muriatic acid from which the earths had 
been separated. | | . 

When sulphats and -muriats exist together, Sich 
ought to be separated either by precipitating the sul-- 
phats by means of alcohol, or by evapcrating the whole _ 
to dryness, and dissolving the earthy muriats inalcohol. 
The salts thus separated may be estimated by the rules 
already laid down. | 

When alkaline and earthy muriats and sulphat of. 


lime occur together, this last salt is to be decomposed 
by means of muriat of barytes. The precipitate as- 
certains the weight of sulphat of lime contained in the 
water. The estimation is then to be conducted as when - 
nothing but muriats are present ; only from the muriat 
of lime that proportion of muriat must be deducted © 
which is known to have’ been formed by the infusion 
of the muriat of barytes. ; 


< 
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_ » When muriats of soda, magnesia, and alumina, are 
t present together with sulphats of lime and magnesia, 
i the water to be examined ought to be divided into two 
equal portions. To the one portion add carbonat of 

magnesia till the whole of the lime and alumina be pre- 


cipitated.. Ascertain the quantity of lime which gives 


the proportion of sulphat of lime. Precipitate the sul- 
_ phuric acid by muriat of barytes. This gives the quan- 
tity contained in the sulphat of magnesia and sulphat 


of lime; subtracting this last portion, we have the’ 


' quantity of sulphat of magnesia. . | 
_ From the second: portion of water precipitate all. the 
_ magnesia and alumina by means of lime-water. © The 
weight of these earths enables us to ascertain the weight 
of muriat of magnesia andjof alumina contained in the 
-water, subtracting that part of the magnesia which 
existed in the state of sulphat, as indicated by the exa- 
mination of the first portion, of water. After this es- 
timation precipitate the sulphuric acid by barytic acid, 
and the lime by carbonic acid. The liquid bibs iii 
‘to dryness leaves the common salt. 
VI. It now only remains to explain the method of 
ascertaining the proportion of the nitrats which may 
exist in waters. 


1. When nitre accompanies sulphats and muriats 


ait 
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without any otber nitrat, the sulphats are to be decom-. 


posed by acetite of barytes, and the muriats by acetite 


st a | ‘ 
_. ted to dryness, and the residuum treated with alcohol, 


which dissolves the acetites, and leaves the nitre; the 
"quai ntity of which may be easily estimated. If an al- 
“kali be present, it ought to be previously saturated with 
sulphuric or muriatic acid, . 


of silver.: The water, after filtration, is to be evapora- _ 
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2. If nitre, common salt, nitrat of lime, and muriat 
of lime or of magnesia, be present together, the water 
ought to be evaporated to dryness, and the dry mass 
treated wich alcohol, which takes up the earthy salts. 
From the residuum, redissolved in water, the nitre may 
be separated, and estimated as in the last case. The 
alcohol solution is to be evaporated to dryness, and the 
residuum redissolved in water. Let us suppose it to 
contain muriat of magnesia, nitrat of lime, and muriat 
of lime. Precipitate the muriatic acid by nitrat of sil- 
‘ver, which gives the proportion of muriat of magnesia, 
and of lime. Separate the magnesia by means of carbo- 
nat of lime, and note its quantity. This gives us the 
quantity of muriat of magnesia. And subtracting the 
muriatic acid contained in that salt from the whole a~ 
cid indicated, by the precipitate of silver, we have the 
proportion of muriat of lime. Lastly, saturate the lime 
added to precipitate the magnesia with nitric acid. Then 
precipitate the whole of the lime by sulphuric acid; 
and subtracting from the whole of the sulphat thus 
formed that portion formed by the carbonat of lime 
added, and by the lime contained in the muriat, the re- 
siduum gives us the lime contained in the original ni- 
trat; and 35 grains of lime form 100 of dry nitrat of 


- lime. 
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Aut the solid materials of which this globe of ours is Book IIL, - 
composed have received the name of minerals; and ~~~ 
that branch of chemistry which treats of them is distin- 
guished by the title of Mrveratocy. These substan- 
ces without doubt must have at all times attracted the 
attention of mankind; because from them alone are 
drawn the metals, stones, and other similar substances 
. of indispensable use. But it is only very lately that 
the method of ascertaining the component parts of these 
substances was discovered, or that it was possible to 
: describe them so as to be intelligible to others, From 
the ancients no information of any consequence on these 
_ topics.is to be expected. The whole science of mine- 
ralogy has been created since the year 1740, and is at 
present advancing towards perfection with astonishing 
rapidity. New minerals are every day described and 
analysed, collections are everywhere forming, and tra- 
vels of discovery are succeeding each other without in- 
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termission. The fruit of these labours has been the 
discovery of no less than six new earths and eight new 
metals ; besides a vast number of useful minerals which 
had been formerly unknown or disregarded. 

The science of mineralogy includes under it three 
different topics: 1. The method of describing minerals 


‘with so much accuracy and precision, that they may be 


easily distinguished from each other. 2. 4 systematic 
arrangement of minerals. 3. The art of analysing mi- 
nerals. These three topics shall form the subject of 
the three following Chapters. | : 


- CHAP. IL 4%, 


OF THE DESCRIPTION OF MINERALS. 


No'ruine, at first sight, appears easier than to de- 
scribe a mineral,. and yet, in reality, it is attended with 


a great deal of difficulty. The mineralogical descrip- 


tions of the ancients. are so,loose and inaccurate, ‘that 
many of the minerals to which they allude cannot be | 
ascertained ; and consequently their observations, how-' 
ever valuable in themselves, are often, as far as respects 


us, altogether lost. It is obvious, that to distinguish a, 


mineral from every other, we must either mention some 
peculiar property, or a collection of properties, which 
exist together in no other mineral. ‘These properties 
must be described in ‘terms rigidly accurate, which con- 
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MINERALS. 


. ‘vey precise ideas of the very properties intended, and of 


no other properties. The smallest deviation from this 


# would lead to confusion’ and uncertainty. » Now it is 
impossible to describe minerals in this manner, unless. 


there be a peculiar term for each of their properties, 
and unless this term be completely understood. Minera- 
logy therefore must have a language of its own; that is 
to say, it must have a term to denote every mineralogi- 


cal property, and each of these terms must be accurately: 


defined. ‘Lhe language of mineralogy was invented by 


‘the celebrated Werner of Freyberg, and first made 


known to the world by the publication of his treatise 


on the external characters of minerals. Of this language 


the following general description of the properties of 
minerals will convey an idea*. 

‘The properties of minerals may be divided into two 
classes. 1. Properties discoverable without destroying 
the texture of the mineral; 2. Properties resulting from 
the action of other bodies on it. ‘The first class has, 


by Werner and his disciples, been called external pro- 


perties, and by some French writers: physical ; the se« 
cond class has been called chemical. 
The petarnal properties may be whi a under the 


following heads : ‘ 

1. Figure. 8. Ductility. 14. Sound, 

2. Surface. g. Fracture. 15. Smell. 

3. Transparency. xo. ‘Texture. 16. Taste. 

4. Colour. 11. Structure, 17. Gravity. 

5. ocratch. 12. Fragments. 18. Magnetism, 
6, Lustre. axes: 1g. Electricity. 


* The fullest account of Werner’s external characters which I have 
scen in the English longuage, has been given by Dr Toenioy in his 
P bilasopl ry of Mineralogy, 
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f DESCRIPTION OF 


. m ‘ ‘OR 
I. By frGurRe is meant the shape or form which a— 
mineral is observed to have. ‘The figure of minerals is 


éither regular, particular, or amorphous. 1. Minerals 
which assume a regular figure are said to be crystal- 


‘lized. The sides of a crystal are called faces; the 
sharp line formed by the inclination of two faces is 


called an edge ; and the corner, or angle, formed by the 


meeting of several edges in one point, is called a solid — 


angle, or simply an angle. Thus a cube has six faces, 
twelve edges, and eight angles. 2. Some minerals, 
though not crystallized, affect a particular figure. These 
particular figures are the following: Globular, like a 


globe; oval, like an oblong spheroid; ovate, like an — 


eg; cheese-shaped, a very flattened sphere ; almond- 


shaped, like an almond ; lenticular, like a double convex : 


lense, compressed and gradually thinner towards the 


edges 5 cuneiform, like a wedge 3 nodulous, having de-_ 


pressions.and protuberances like a potatoe; botryoidal, 
like grapes closely pressed together; dentifor'm, longish 


and tortuous, and thicker at the bottom than the top; 


wireform, like a wire; capillary, like hair, finer than 
the preceding ; retiform, threads interwoven like a net; 
dendritic, like a tree, having branches issuing from a 
common stem; shrubform, branches not arising from a 
common stem 3 coraloidal, branched like coral; stalacti- 
tzcal, like isicles; clavated, like a club, long, and thicker 
at one end than another; fasciform, long straight cylin- 
drical bodies, united like a bundle of rods; tubular, cy- 


lindrical and hollow. 3. When minerals have neither _ 
a regular nor particular shape, they are said to be amor- 


phous. : 
II. By surFACE is meant the appearance of the ex- 
ternal surface of minerals. The surface is either uneven, 
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- composed of small unequal elevations and depressions; , Chap.I. 
scabrous, having very small sharp and rough elevations, ‘ 
more easily felt than seen; druiy, covered with very 


- . 


- minute crystals ; yough, composed of very minute blunt 
_ elevations, easily distinguishable by the feel; scaly, com- 
posed of very minute thin scale-like leaves; smooth, free 
from all inequality or roughness; specular, having a 
smooth polished surface like a mirror; or streaked, ha- 
ving elevated, straight, and parallel lines. This last cha- 
» racter is confined to the surface of crystals. The streaks 
4 are either transverse ; longitudinal; alternate, in diffe. 
rent directions on different faces; plumose, running from 
a middle rib; or decussated, crossing each other. | 
‘il. By rransparency is meant the proportion of Transpa- 
light which minerals are capable of transmitting. They “”” 
are transparent or pelluctd when objects can be seen 
distinctly through them ; diaphanouts, when objects are 
seen through them indistinctly ; subd:aphanous, when 
light passes but in so small a quantity that objects can- 
not be seen through them™*; opague, when no light is 
transmitted. | ' : 


When opaque minerals become transparent in water, 
they are called bydropbanous. When objects are seen 
couble through a transparent mineral, it is said to refract 
doubly. | 

IV. The colours of ipinctals may be reduced to eight 
classes. | 


Golanis 


* According to Mr Kirwan’s method, I have denoted these three de- 
grees of transparency by the figures 4, 3,2. When.a mineral is subdia- 


phanous only at the edges, that is denoted by che figure 1. Opacity is 
sometimes denoted by o. 
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DESCRIPTION OF 


. 1. Whites. 

Snow white. Pure white. 

Reddish white. White with a light tint Pe: red. 
Yellowish white. White with a light tint of yellow. 
Silver white. Yellowish white with a metallic lustte. 
Greyish white. White with a light tint of black. - 
Greenish white. White with a light tint of green. ° 
“Milk white. White with a light tint of blue. 

Tin white. Milk white of a metallic lustre. 

' 2. Greys. 

Bluish grey. Grey with a little blue, 

Lead grey. Bluish grey with a metallic lustre. 


Pearl grey. Light grey with a slight mixture of vio-' 


let blue. | | ii 
Smoke grey. Dark grey with a little blue and 
brown. a 
Greenish grey. Tighe grey tinged with green. 
Yellowish grey. A light grey tinged with yellow. 


Steel grey. A dark grey with a light tint of yellow — 


and a metallic lustre. 
_ Black grey. The darkest grey with a tint t of i do 
3. Blacks. 
Greyish black. Black with a little white. 
Brownish black. Black with a tint of brown. 
Black. Pure black. 
Tron black. Pure black with a yaaa inset of 


Pa 


white and a metallic lustre. 
“Bluish black. Black with a tint of blue. 
: 4. Blues. + 
Indigo blue. A dark blackish blue. 
Prussian blue. The purest blue. 
Azure blue. A bright blue with scarce a tint of red, 


~ 
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Smalt blue. A light blue. . 

Violet blue. A mixture of azure blue and carmine. 

Lavender blue. Violet blue mixed with grey. 

Sky blue. A light blue with a slight tint of ei 

| 5. Greens. 

Verdigris green. A bright green of a bluish ~ 

Seagreen. A very light green, a mixture of verdi- 
gris green and grey. 


Beryl green. The preceding, but of a aia cast. | 


Emerald green. Pure green. 
Grass green. Pure green with a tint of yellow. 
Apple green. A light green formed of verdigris 
green and white. 
i Leek green. A very dark green with a cast of 


brown. 


Blackish green. The darkest green, a mixture of 
leek green and black. . 

Pistachio green. Grass green, yellow and a little 
brown. 

Olive green. A pale yellowish green with a tint of 


brown. 


Asparagus green. The li iohtapt green, Jellowies with | 


a little brown and grey. 
6. Yellows. 
4 Sulphur yellow. A light greenish yellow. 
Brass yellow. The preceding, with a little less green 
and a metallic lustre. 
~ Lemon yellow. Pure yellow. 
Gold yellow. The preceding with a metallic lustre. 


7 Honey yellow. A deep yellow with a little reddish 


aires yellow. The preceding, but deeper. 


Pyritaceous. A pale yellow with grey. 
7 So Rae 
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Straw yellow. <A pale yellow, a mixture of sulphur — 
yellow and reddish grey. 

Wine yellow. A pale yellow with a tint de red. 

Ochre yellow. Darker then the preceding, a mix- 
ture of lemon yellow with a little brown. : 

Isabella yellow. A pale brownish ids a mixture 
of pale orange with reddish brown. ; 

Orange yellow. A bright red ddish yellow, formed of 
lemon yellow and red. 

4. Reds. 

Aurora red. -A bright yellow red, a mixture of scar- 
let and lemon yellow. 

Hyacinth red. A high red like the preceding, but 
with a shade of brown. 

Brick red. Lighter than the oe a mixture of 
aurora red and a little brown. 

Scariet red. A bright and high red with scarce a 
tint of yellow. 

Copper red. A light yellowish red with the weal | 
lic lustre. 

Blood red. A deep red, a mixture of crimson and 


. scarlet. 


Carmine red. Pure red verging towards a cast of 
blue. . 

Cochineal red. A deep red; a mixture of carmme 
with a little blue and a very little grey. 

Crimson red. A deep red with a tint of blue. 

Flesh red. A very pale red of the crimson kind. 

Rose red. <A pale red of the cochineal kind. 

Peach blossom red. A very pale whitish red of the 
crimson kind. 

Mordoré. A dark dirty crimson red; a mixture of 
crimson and a little brown. 
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Brownish red. _A mixture of blood red and brown. Chap. I. 
: Ce ait 
8. Browns. 
Reddish Brown. (A deep brown inclining to red. 
, Clove brown. A deep brown with a tint of carmine. 
- -Yellowish brown. A light brown verging towards 
ochre yellow.— 
Umber brown. A light brown, a mixture of yel- 
lowish brown and grey. , 
Hair brown. Intermediate between yellow brown 
and clove brown with a tint of grey. 
Tombac brown. A light yellowish brown, of a me- 
tallic lustre, formed of gold yellow and reddish brown. 
Liver brown. A dark brown; blackish brown with 
a tint of green. 
'  Blackish brown. The darkest brown. 
Colours, in respect of intensity, are cither dark, deep, 
_.dight, or pale. When a colour,cannot be referred to 
any of the preceding, but is a mixture of two, this is 
expressed by saying, that the prevail ng one werges- to- 
wards the other, if it has only a small tint of it ; Be eid 
into it, if it has a greater. 
ai By the scRATCH or STREAK, is meant the mark Prcich, 
left when a mineral is scratched by any hard body, as 
the point of aknife. It is either similar, of the same 
colour with the mineral; or dissimilar, of a different S 
colour. 
VI. Lustre, is the gloss or brightness which ap- 
pears on the external surface of a mineral, or on its in-. 


Lustre, 


ternal surface when fresh broken. The first is called 
i external, the second internal lustre. Lustre is either’ 
% Manion; that which most minerals possess ; sulby, like 
that of silk or mother-of-pearl ; waxy, like that of wax; 
| Dd3 


Hardness. 


Ductility. 


Fractures 


: sings. When these are not very evident, the fracture! 


DESSRAR TION OF 


greasy, like that of Brena or metallic, like that of me- 
tals. 

As to the degree, ee greatest is. called splendent, ° 
the next shining, the third dudlish ; and when only afew 


2 


scattered particles shine, the lustre is called dulJ*, 

VII. I have used Mr Kirwan’s figures to denote the, 
comparative HARDNESS of bodies; for an explanation — 
of which the reader is referred to ay ol. Il. p.:86, of | 
this Work. 

VII). With respect to DUCTILITY and BRITTLENESS, 
minerals are either malleable; sectile, capable of being cut 
without breaking, but not malleable ; flexi/e, capable of 
being bent, and when bent retaining their shape 5 or 
elastic, capable of being bent, but recovering their for- 
mer shape. Minerals destitute of these properties are 
brittle. Brittle minerals, with respect to the ease with 
which they may be broken, are either very tough, tong, 
Jragtle, or very fragile. 

\X.'By FRACTURE:is meant the fresh surface which - 
a mineral displays when broken. It is either flat, with- 
out any general elevation or depression ; or conchoidal, 
having wide extended roundish hollows and gentle ri- 


is called fat conchoidal ; when they are small, it is call- 
ed smai/ conchoidal ; and when of great extent, great 4 ‘ 


conchoidal. 
The fracture may also be even, free from all asperi- : 
ties ; uncven, having many small, sharp, abrupt, i irregu- 
lar elevations, and inequalities ; and from the size of. 
these, this fracture is denominated coarse, small, or fine; 


* These four degrees have been denoted by Mr Kirwan by the figures + 
Ay 3, 2) I, and no lustre by o, 
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_ splintery, having small, thin, half detached, sharp edged 
_ splinters, according to the size of which this fracture is 
denominated coarse or fine; or rugged, having many 
very minute sharp hooks, more sensible to the hand 


. than the eye. . 
X. By TEXTURE ig meant the internal stfucture or 


disposition of the matter of which a mineral is compo- | 


‘sed, which may be discovered by breaking it. The 
texture is either compact, without any distinguishable 
parts, or the appearance of being composed of smaller 
parts; earthy, composed of very minute almost imper- 
ceptible rough parts ; granular, composed of small 

shapeless grains ; g/obuliform, composed of small sphe- 
rical bodies ; fiJrous, composed of fibres which may be 
long, short, straight, crooked, parallel, divergent, stella- 

ted, fasciculated, or decussated ; radiated, consisting of 
long narrow flattish lamelle ; or Jamedlar, or foliated, 
consisting of smooth continued plates coy ering each 
other: these plates may be either strazght, crooked, or 
undulating. 

XI. The staucTure or COMPOUND TEXTURE is the 
manner in which the parts that form the texture are 
disposed. It is either s/ety, in straight layers like slate; 
testaceous, in incurvated layers ; concentric, in concen- 

' tric layers; or columnar, in columns. 

The texture and structure may at first view appear 
the same ; but in reality they are very diferent. Thus 
~ common slate has often the s/aty structure and earthy 
texture. Lhe texture of pitcoal is compact, but its 
structure is often slaty. 

XII. By FRAGMENTs is meant the shape of the pieces 
into which a mineral breaks when struck with a ham- 
met. They are either cubic; rhomboidal; wedgesha- 
ba Dd4 


Texture, 


Structure, 


Fragments. 
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_ ped; splintery, thin, long, and pointed; tadudar, thin, 
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and broad, and sharp at the corners, as Common slate ; 

or indeterminate, without any particular resemblance to 
any other body. The edges of indeterminate fragments 
re either very sharp, sharp, sharpish, or blunt. 

XIU. By the rern of minerals is meatit the sensa- 
tion which their surfaces communicate when handled. 
‘The feel of some minerals is greasy, of others dry, &e. 

XIV. Some minerals when struck givea clear SOUND, 
as common slate ; ; others a dull sound, 

The sMELL, TASTE, SPECIFIC GRAVITY, and MAGNE- 
TISM of minerals, require no explanation. 

With respect to ELECTRICITY, some minerals become | 
electric when heated, others'when rubbed, others cannot 
be rendered electric.. The electricity of some‘minerals 
is positive or vitreous, of athets negative or resinous. 

The cHEMICAL properties of minerals will be under- 
stood without any explanation. In detecting them, the 
blow-pipe is often of singular use, as it enables us in a 
few minutes to determine many points which by the 
usual processes would occupy a great deal of time. 


The blow-pipe is merely a tube ending ina cavity as 


fine as a small wire, through which air is forced and 
made to play upon the flame of a candle, by means of 
which the flame is concentrated and directed against 
small particles of the mineral to be examined, either 
placed upon a bit of charcoal or in a platinum or silver 
spoon. ‘The air is either forced into the blow- pipe by 
the lungs of the experimenter, or by means of bellows 
attached to the blow-pipe. By thus exposing a-very 
small pottion of a mineral to the concentrated flame, we 
see the eifect of heat upon it, and have an opportunity 
of trying the action of other bodies on it at a very high 


view, enable us in many cases to ascertain the nature, . 
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temperature, as of borax, soda, microcosmic salt, &c. 


The properties which these experiments bring into 


and even the component parts, of a mineral. 

The blow-pipe was first introduced into mineralogy 
by Von Swab. It was afterwards improved by Cron- 
stedt, and still farther by Bergman. Saussure substi- 
tuted a fine splinter of cyanite for charcoal, cemented a 
very minute portion of the mineral to be examined to 
the point of this splinter, and exposed it in that situa- 
tion to the action of the blow-pipe. By this contri- 
vance he was enabled to make his experiments upon 
very minute particles ; and this enabled him to fuse 
many bodies formerly considered as infusible, 
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SYSTEM OF MINERALOGY. 
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Morigen may be arranged two ways, according to 
their external characters, and according to their chemi- 
cal composition. The first of these methods has been 
called an artificial classification ; the second, a natural 


one. The first is indispensably necessary for the stue 


dent of nature ; the second is no less indispensable for 


the proficient who means to turn his knowledge to ac-— 
count. Without the first, it is impossible to discover. 


the mames of minerals; and without the second, we must 
remain ignorant of their use. 

Almost every system of mineralogy hitherto publish 
ed, at least since the appearance of Werner’s external 
characters, has attempted to combine these two ar- 
rangements, and to obtain at one and the same time the 
advantages peculiar to each. But no attempt of this 
kind has hitherto succeeded.. Whether this be owing 
to any thing impossible in the mndect alin, or to the 
present imperfect state of mineralogy, as is more pro= 
bable, I do not take upon me to determine. But surely 
the want of success which has hitherto attended all at- 
tempts to combine the two arrangements, ought to sug- 
gest the propriety of separating them. By adhering 
strictly to one language, the trouble of studying twe 
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i different systems would be entirely sok cuaote They Chap! 1. 


iy would throw mutual light upon eachother: the. artix! as 

ficial system would enable the student. to sige avait 

names of minerals; the natural would enable him tovar= 

§ tange them, and to study their properties and uses. 
The hap py-arrangement of Cronstedt, together with Ry im 


the subsequent improvements of Bergman, Werner; Kire 
wan, Hauy, and other celebrated mineralogists, has 
brought the natura? system of mineralogy to a consi- 
derable degree of perfection, But an artzfieiad system 
is still a desideratum ; for excepting Linnzus, whose 
success was precluded by the state of the scisnce, 190 
one has hitherto attempted it. J have.elsewhere given 
an outline of an artificial system, extremely imperfect 
indeed, but capable, by a combination with the Werne- 
rian characters, of being made.as precise as we please * 
~ But such a system would, be foreign to the present. 
Work, in which our object ought certainly to be to ar- 
range minerals according .to their composition, or 40, 
give what has been'called a natural system of minera< 
logy. . cykent Sols aa 
Avicenna, a writer of the 11th century, divided mi-, Division of | 
nerals into four classes ; stones, salts, inflammable ‘be- on 
dies, atid metals +. » Khis division has been, in some 
measure, followed by all succeeding writers. Linneus, 
indeed, the first of the moderns who published a system 


\ 


*® See the Supplement to the Encyclop adia Britannica, vol. ii. p- 193. 

-£ Corpora mineralia in quatuor species dividuntur, scilicet in lapides, 
» et in liquefactiva, sulphurea, et.sales. Et horum quedam sunt rare sub- 
stantie et tebilis compositionis, et quzdam fortis substantia, et quae 
dam ductibilia, et quedam non. Avicenna de Congelatione et Conglutina- 


tipne Lapiduia, cap. iii,” Theatrum Chemicum, t.iv. p- 997. 
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pene - bee 
of mineralogy, being guided by the external characters’ 
‘alone, divided-minerals into three classes, petra, minere, 


fossitta: but Avicenna’s classes appear among his or- 


Into classes, 


ders. The same remark may be made with respect to’ 
the systems of Wallerius, Wolsterdorf, Cartheuser, and. 


Justi, which appeared in succession after the first publi- 
cation of Linnzus’s Systema Nature, in 1736. At last, 
in 1758, the system of Cronstedt appeared.’ He rein- 


" stated the classes of Avicenna in their place; and his 


system was adopted hy Bergman, Kirwan, Werner, and 


the most celebrated mineralogists whohave written since. . 


These classes shall be adopted in the following system, 


| Becdase none which are preferable have been hitherto 


proposed. ; 
I shall therefore divide minerals into iii Glave ae 
1. Stones, 3% Combustibles, 
2. Salts. 4. Ores. 


The first class comprehends all the minerals which 
are composed chiefly or entirely of earths ; the second, 
all the combinations of acids and alkalies which oceur 


in the mineral kingdom; the third, those minerals ahhobs 3 


are capable of combustion, and which consist chiefly of 
sulphur, carbon, and oil; the fourth, the mineral bo- 
dies which are composed chiefly of metals, 
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"Tuts class may be divided into three orders. The first 
order comprehends all chemical combinations of earths 
with each other; the second order, chemical combina- 
tions of earths with acids ; and the third order, mecha- 
nical mixtures of earths or stones.» All the minerals 
belonging to the first order exhibit the same homogene~ 
ous appearance to the eye as if they were simple bodies. 
I shall therefore,-for want of a better name, call the first 
order simple ; the second order may be distineuished by 
the epithet of saline; and the third by that of aggre- 
gates; because most of the minerals belonging to it 
consist of various szmple stones, cemented as it were to- 


gether. 
ORDER TI. SIMPLE STONES. 


CroNstTeEDT divided this order into nine genera, cor- Cronstedt’s 


responding to nine earths; one of which he thought ares 


composed the stones arranged under each genus. The 


' names of his genera were, calcarea, silicea, granatina, 
argillacee, micicee fluores, asbestina, weoltthice, mag- 


 nesia, Allhis earths were afterwards found to be com- 
3 f # ai 


Defective. 
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pounds, except the first, second, fourth, and ninth. 
Bergman, therefore, in his Sciagraphza, first published 
in 1782, reduced the number of genera to five ; which 
was the number of primitive earths known when he 
wrote. Since that period five new earths have been 
discovered, Accordingly, in the latest systems of mi- 
neralogy, the genera belonging to this order are pro- 
portionally increased. Each genus is named from an 
earth; and they are arranged in the newest Wernerian 


system, which ] have seen, as follows: 


1. Jargon genus, 5. Magnesian genus, 
2 Siliceous: gents, 6. Calcareous genus, 

3. Glucina genus; | 7. Barytic genus, 

4. Argillaceous genus, 8. Strontian genus. 


Mr Kirwan, in his very valuable system-of minera- 
logy, has adoptedthe same genera. Under each genus, 
those stones are placed which are composed chiefly of 
the earth which gives aname to the genus, or which 
at least are supposed to possess the characters which di- 
stineuish that earth. Sabie 

A little consideration will be sufficient to discover 
that there is no natural foundation for these genera. 
Most stones are composed of two, three, or even four 
ingredients ; and, in many cases, the proportion. of two 
or more of these is nearly equal. Now, under what 
genus soever such minerals are arranged, the earth which 
gives itaname must form'the smallest part of their com- 


position. Accordingly, it has not been so much the - 


chemical composition, as the external character, which 
has guided the mineralogist in the distribution of his 
species. The genera cannot be said properly to have 
any character at all, nor the species to be connected by 


any thing else than an arbitrary title. This defect, 
e 


SIMPLE STONES. 


which must be apparent in the most valuable systems 


' of mineralogy, seems to have arisen chiefly from an at- 


tempt to combine together an artificial and natural sy- 
stem. I have ventured to form new genera for ihe or- 
der, according to the following rules. 

The only substances which enter into the minerals 


belonging to this order, in such quantity as to deserve 


attention, are the following: 


Alumina, Zirconia, 

Silica, Yttria, 

Magnesia, Oxide of iron, 
Lime, Oxide of chromum, 
Barytes, | Oxide of nickel, 
-Glucina, _ Potass. 
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All those minerals which are composed of the same 


ingredients [ arrange under the same genus. Accords 


Ing to this plan, there must be as many ‘genera as theré 


are varieties of combinations-of the above substances 
eXisting in nature. ‘The varieties in the proportion_ot 
the ingredients constitute species. I have not imposed 
names upon these genera, but, in imitation of Berg- 
man *, have denoted each bya symbol. This symbol 
is composed of the first letter of every substance which 
enters in any considerable quantity into the composi- 
tion of the minerals arranged under the genus denoted 
by it. Thus, suppose the minerals of a genus to be 
composed of alumina, silica, and: oxide of iron, 1 de- 
note the genus by the symbol asi. The letters are ar- 
ranged according to the proportion of the ingredients ; 


that which enters in the greatest proportion being put - 


_first, and the others in their order. - Thus the genus ase 


i * Opusc. iv. 23% 
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is composed of a considerable proportion of alumina, of 
a smaller proportion of silica, and contains least of all 
of iron. By this. contrivance, the symbol of a genus 
contains, within.the, compass of a few letters, a pretty 
accurate description of its natureand character.. Where 
the proportions of the ingredients vary in the same ge- 
nus so much, that, the letters which constitute its sym- 
bol change their place, I subdivide the genus into parts; 
and whenever the minerals belonging to any genus be- 
come too numerous, advantage may be taken of these 
subdivisions, and each of them may be formeduinto a 
separate genus. At present this seems unnecessary. 

The following. is a view of the different genera be- 


longing to this order, denoted each by its symbol, Every 
genus is followed by the species included under it ; and 
the whole are in the order which I mean to follow im 


describing them : 


Le An 

1. Sapphire 

2. Corundum 

3. Native alumina 
II. S. 

ZI, Quartz 

2. Flint 

3. Opal 

4. Pitchstone 

5. Chrysoprasium 
Ill. L. 

Native lime _ 
IV. Amc 

Ruby 
V. Am 

Ceylanite 


VI. 2. As 
| 1. Topaz 
2. Sommite 
3. Shorlite 
2 SA | 
_ae4. Rubellite 
ve r 5. Hornslate A 
~ 6. Hornstone 
». Chalcedony 
8. Jasper 
g. Tripoli 
VII. Ast : 
1. 1. Micarell 
2. Shorl 
3. Granatite 
2. SAI 


5 


4. Tourmaline: 


—. 6. Mica 
4: Tale 
8. Basaltine 
9 Hornblende 
10. Obsidian 
fiussT 2, Petrilite 
P O32. Felsite 
VIII. Svaw 
Pimelite 
IX. Sap | 
—_g, Felspar 
a. Lepidolite 


_ 3: Leucite 
: y ve White chlorite 
Px Sac 
sa, Emerald 


Fos" 
x . 


gpa i de Euclase | 
XI. Sas 
fo) Staurolite 
XII. 2. Ast 
x. Chrysoberyl 

2. SAL ahs 
tae a Hyalite 
3. Edelite © 

4. Scapolite 

4 * 3. SAWL” 
ry ¥ 5. Zeolite 
ie) 6, Stilbite 
4, Chabasie. 
a Analcime 


Vor. II. 


- 


itt 


_ §. Argentine felspar 


4. SLA 
9: Lazulite | 
XII. Sautr 
+h Garnet 
2. Pyrop 
3. Melanite 
4. Thummerstone 
5. Prehnite 
6. Thallite 
4. Skorza. 
XIV. Ams | 
1. Cyanite 
2. MSA 
2. Serpentine 


XV. Msatr 


1. Potstone 
2. Chlorite 
XVI. Stam 
_ Siliceous spar 
XVII. Samer 
Argillite 
XVIII. Stacmr 
» Smaragdite 
XIX. Su : 
1. Kiffekill | 
2. Steatites 
XX. Mstr 
1. Chrysolite 
2. Jade | 
XXI. Suz 
1. Asbestus 
a. Asbestinite 
Ee | 
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TE am “bs. Qiae AsBdstoid hz, 130 ‘Tremolite | Ree. 
2 SMIES 4 th RT Vez | 
are 3. Actinolite Zircon 
4. Idocrase XXV. Yost 


- Gadolinite bee 7 


GenusI. A. 


bo . | : Sp. 1. Sapphire *.; 
gy tig Oriental ruby, -sapphire, and topaz—Rubis a’ orient 


Gy ’ - Rome de Lisle— Telesia of Haye aise De 

| metherie. 
if ie 
ao Mi History. Three stones, Nictineniisised from batty other oy ¢ 
‘Neate Y colour, have been long held in high estimation on’: a 
Preis . count of their hardness and beauty, "These stones ‘were ¥ 


Ha known among lapidaries by the names of. ruby, sapphire, 
and ese and the sane oriental was usually a to 


names ud the same Esishrs, but very inferior in’ harc rd- 
ness sand. wii d ntl were accustomed 


ee bie ie crystals, their teabandéa | tai most of their voit 
aa perties. These observations were sufficient to co: 
ae ~ tute them one species; and accordingly they were 
ua one species by Romé de Lisle himself, by Kirw 

fi ; several other modern mineralogical writers. R. 


SUG, | Lie gave the species the name of ruby ; > but 


a * See Kirwan’s Mineralogy, i.250.—Gmelin’ s Systema Na 
nexus, ili. 170.—-Romé de Lisle’s Crystallographic, pee 


Th fe 
Opuscula, i. 72. s 


i 


ty! ue 
past 
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hate , 


SAPPHIRE. 
! ‘ 


been since confined to a different mineral. This induced pe tea mop 
‘Hauy to invent the new word telesta ; but the term eme-y—me 
sapphire, which has been appropriated to this species by 
‘Werner and Delametherie, has been adopted by mine= 
_ralogists in general. I shall therefore use it in sagen 7 

rence. | 
The sapphire i is found in the East Indies, eapectAlty 


_in Pegu and the island of Ceylon ; and it is most com- 


pe 


monly crystallized. ‘The crystals are of no great size: Crystals ee 

Suid 
_ Their primitive form, according to Mr Hauy, is a regu- te ue 
lar six-sided prism, divisible in directions parallel both | ei 


to its-bases and its sides ; and consequently giving for — bn Mele 
the form of its primitive nucleus, or of its zategrant aR a 
molecule, an equilateral three-sided prism *. The most _ 
“usual variety is a dodecahedron, in which the telesia ap- | 
4 pears under the form of two very long slender six-sided , 
"pyramids, joined base to base. “The sides of these py- 

_ramids are isosceles triangles, having the angle at their kt: 
vertex 22° 54’, and each of these at the base 78° 48’t- . Sea 
_ The inclination of a side of one pytamid to a contigu- i 
ous side of the other pyramid is 139° 54’f. In some # 
pecimens the summits of the pyramids are wanting ; ‘i 
50 that the crystal has the appearance of a six-sided ah ae y 
p rism, somewhat thicker in the middle than towards the oy 


A 
=k 


extremities. The three ae baet eaten at mae extre- 


sinall triangular face aichd of them, which renders the 
hb pases of the supposed ptism nine-sided. The inclina- 


* Ann. de Chim. xvViia313- 
t In some instances, the angle at the vertex is 31°, those at the base 

94° 30’, and the inclination of two triangles 122° 36’. See Hany, J Ibid. 

¢ A and Romé de Lisle, ii. 315. bitte 
3 Ee*2 . | as 


Varieties. 


—_ 


bela. ce 
pif ag 


coat il. oa 


es," Beas - 


Properties. 


‘These colours have induced lapidaries to divide ANE 5 
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tion of each of these small triangles to the base is 122° 
18’*. For igures of these crystals the reader is referred 
to Roms dei Lisle and Hauy f. v4 
. The texture of the sapphire is foliated, and the joints — 
are parallel to the base of the prism{. Its lustre va-_ 
ries from 3 to 4 §. Transparency usually 3 or 4, some- 
times only 2. It causes only a single refraction. ‘Spe-- 
cific gravity from 4. to 4.288. Hardness from 15 to 
14. It is either colourless, or red, yellow, or blue. 


species into the three following varieties. ° 

Variety 1. Red. Oriental ruby—Colour carmine | 
red, sometimes verging towards violet. Sometimes va- 
rious colours appear in the same stone, as red and 
white, red and blue, orange red. Hardness 17. iOpe- : 
cific gravity 4.288. 

Vartety 2. Yellow. Oriental soads Colour gold-— 
en yellow. Transparency 4. Hardness 15. aii 9 
gravity 4. o106. ie 

Variety 3. Blue. Oriental sapphire—Colour Ber 
lin blue, often so very faint that the stone appears 
most colourless. Transparency 3, 4,2. Hardness 17. 
Specific gravity 3.991 to 4.083 |]. This variety is not , 


the moderns]. 


* Hauy, Ann, de Chim. XVil. 313. + Ibid. . 

§ When the Zizd of lustre is not specified, as in the present inst instal 
the common is always meant. 

-{| Greville, Nicholson’s Fournal, iii. 11. 

§ Hill’s Theophrastus, wept ray Atdav, p.IO0O, 


scar id M. 


1: 


proth; was found to contain in 100 parts, 
hile “98.5 alumina , 


1.0 oxide of iron 
0.5 lite 


} .. e 


109.0* 


oT ye colouring matter of all these varieties is, accord- 

ing to Bergman’ s experiments, iron, in different states 
of oxidation. He found that the topaz contained .06, 
the ruby .1, and the sapphire .o2 of that metal}. But 
when these experiments were made, the analysis of stones 
had: not arrived at a sufficient degree of perfection to 
“ensure accuracy. No conclusion, therefore, can Be 


drawn from these experiments, even though we were 
‘certain that they were made upon the real varieties of 
the sapphire. 

Sp. 2. Corundum fF. 

- Corundum of Gmelin— Adamantine spar of Kiaproth 
7 and Kirwan—Corindon of hil = Rabie of 
i, Woodward. 4 

‘This stone, though it appeats to have been known to 

Mr Woodward, may be said to have been first distia- 

_ guished from other minerals by Dr Black.’ In 1768, 

Mr Berry, a lapidary in Edinburgh, received a box of 

it from Dr Anderson of Madras. Dr Black ascertain- 
ed that these specimens differed from all the stones 


. = 


* Beitrage, i. a ¢ Bergman, ii. 96: 
$See Kirwan’s Miz. i—Klaproth in Beob. der Berlin, viii. 295. and 
5 itrage, i. 47.—Mr Greville and the Count de Bournon in the Piiloso- 
Bical Transa actions 1798, p- 403. and in Nicholson’s Four. ii. 540cand iti, 5, 
Hauy, Four. de Phys. xxx. 193. and Four. de Min. No. xxviii. 262. 
ere 3 


al 


wt 
oan? & 
a v 


re specimen of this lat variety, analysed by Mr Kla._ 
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y eae we known to Europeans; and, in consequence of its hard- 
st heey’ ESS, It obtained the name of adamantine spar. Not-. 

ni may aa withstanding this, it could scarcely be said to have been — | 
ae known to European mineralogists till Mr Greville of 
4 | London, who has done so much to promote the science _ 
a of mineralogy, obtained specimens of it, in 1784, from 
India, and distributed them among the most eminent 
chemists, in order to be analysed. Mr Greville also 
learned that its Indian name was Corundum. It is 
found in Indostan, not far from the river Cavery, which 
is south from Madras, in a rocky matrix, of consider- 
able hardness, partaking of the nature of the stone it- 
self*, It occurs also in China; ; and a substance, not 
unlike the matrix of corundum, has been found in Te- | 
ree,‘one of the western islands of Scotland te SS 


oe ee ) 


bs 


Crystals, The corundum is usually crystallized. Its primitive 4 

form, discovered by Mr Hauy jf and the Count de Bour- | 
| non§, is a rhomboidal parallelopiped, whose. sides are ia 
j equal rhombs, with angles of 86° and 94°, according — i 
| to Bournon, or whose diagonals are to each other as y 
147 to 15, according to Hauy-; which i is very nearly 
the same thing. The most common variety (for the ie 
primitive form has never yet been found) i is the regular be 
i - six-sided prism, the alternate angles of which are some~_ ; 
~ times wanting, and the triangular faces, which occupy — 
their place, are inclined to the base at an angle of 122° : 
34’ ||. Sometimes the corundum is crystallized in the a 
form of a six-sided pyramid, the apex of which is gene- % 
f ‘ rally wanting. Fora description and figure of these, ay 


32 y : 
A * Garrow and Greville, Nicholson's Four. il. S40. 4 Greville, Ibid. 
is } Four. de Mia. No, XXVill. 262. § Nicholson’s Four. iis 54h y 

# De Bournon, ox a 


v 
‘ 


vad ll it other varieties of corundum hitherto: obser CSeciest. 


‘ved, the reader is referred to the dissertation of the ———— 
are de Bournon on the subject *. ocr gum cores 

_ The texture of the corundum jis foliated; and the fa-. Properties, 
Bosal joints are parallel to the faces of the primitive 
pinberabaidal parallelopiped. ‘Lustre, when in the di- 
rection of the lamin, 3 ; when broken across, o. Ob 


- paque, except when in very thin pieces. Hardness 15. 

“Specific gravity from 3.710 to 4.180}. Colour greys 
j often with various shades. of blue and green. 
According to the analysis of Klaproth, the es ee 


Composi+ 

a of India i is composed of | at 5 alumina pe 
he >i hhaee paths 34 Ss: 5 silica 
Ki B90 LIL aehengs oxide oi iron 
ie 2 is R 

ee seats 

OS be ae 9 49 ie east 

A specimen from China of $4. o winhoaictl 
. dio oeerH ile xb m.doo8l, iGaglsilioarg,* | 
aie ia! 7.5 oxide of mein ag Spa 
ua ’ sii | 98 of. 

Mer 
me Perakath standing the quantity of silica and of iron ’ 


Pehich these analyses exhibit in the corundum, I have 
been induced’ to include it in the present genus, on ac- 
count of the strong resemblance between it and the 
“third variety of. the sapphire, .The resemblance ‘be- 
tween the crystals of these minerals appears evident, 
even from the short description given above:.. and. 
“the observations of Ronrnon | tender this resemblance 


‘f 


ho eee 


* See also Hauy, Four. de Min. No. xxviii. 262. 

+ Klaproth. See also Greville, Nicholson’s Four. iii. 13. 

$ Beitrage, 1. 77. § ibid.'1.73. i| Nicholson’s Four’ iii, 9. 
Ee4 | 
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ey SB r ba 
Lae | Orr “still more sttiking. It is not improbable, therefore, as. 
6.8 Se Mr Greville and the Count de Bournon have finest) : 
that corundum may be only a variety of the sapphire 5 5 

and that the seeming difference in their ingredients is — 

owing to the impurity of those specimens of corundum yt 

which have hitherto been brought to Europe. Let not 

se the difference which has been found in the primitive 
form of these stones be considered as’ an insuperable — 

objection’till the subject has been again examined with — 

this precise object in view ; for nothing is easier than 4 

to commit an i ing in such dificult examinations. | 

Sp. 3.° Native alumina*, 9 igs 

This substance has been found at Halles in Saxony” - 

in compact kidnéy-form masses. Its consistence is ear. Ba 

thy. Lustre c. Opaque. Hardness 4. Brittle. Spee 4 

cific gravity moderate. Feels soft, but meagre. Ad- 4 

heres very slightly to the tongue. Stains very slight- 9 

ly. Colour pure white. Does not readily diffuse it- 

pa | self i water. 3 wh % 
: It consists of pure alumina mixed with a small quan. 
tity of carbonat of lime, and sometimes of sulphat: of 4 


ag ' lime }. » . by! bali web 

a “ : ; 

ae | Genus Il, S. sou ath apelin 
Bank.’ | ri. 
4 ¥ Sp. re ES Quarts: t. ue) ‘ tH) x is 


oe This stone, which is very common in most mountain- 
ous Countries, is sometimes crystallized, and sometimes a . 

Crystals. amorphous. The primitive form of its crystals, accord- : 
ing to Mr Hauy, is a rhomboidal parallelopiped; the 

} 4 on 
a 

*® See Kirwan’s Min. i. 175, and Schreber, 15 Stuck, P 209, 

+ Schreber, ¢ Kirwan’s Miz, i. 241. 


See Galli 
Jf 9 ' } 
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(QUARTZ. ° | 44t 


Anais of whose rhombs are 93° 22’ and 86° 38’; so ano 

that it does not differ much from a cube *. The most <i pind 

common variety is a dodecahedron, composed of two 

six-sided pyramids, applied base to base, whose sides are 

isosceles triangles, having the angle at the vertex 40°, 

and each of the angles at the base 40°; the inclina- 

© tion of a side of one pyramid to the contiguous side of | cf 

the other pyramid is 104°. Therd is often’ a six-sided’ 

_ prism interposed between the two pyramids, the sides of 

which always correspond with those of the pyramids §. 

Fora description and figure of the ‘other varieties of 

_ quart» crystals, and for a demonstration of the law 

_ which they have followed in crystallizing, we refer the 

reader to Romé de Lisle§ and Mr Hauy |||. 

‘The texture of quartz is more or less foliated. Frac- 

ture, conchoidgl or ‘splintery. Its lustre varies from 

3 to 1, and its transparency from 4 to 13 and in some 

cases it is opaque. Jt causes a double refraction. Hards 

ness, from 10 to 11. Specific gravity from 2.64 to 

_ 2,67, and in one variety 2.61. Its colour is exceedingly 

various; a circumstance which has induced mineralogists 

to divide it into numerous varieties. Of these the fol-- 

_ lowing are the chief: es 

1 Pure colourless, perfectly transparent crystallized Varieties, 
quartz, having much the appearance of artificial crystal ; | , 

known by the name of rock crystal. r Hy 

2- Quartz less transparent, and with a splintery frac- a 

ture, has usually been distinguished by the name of 

. gquarl%, and separated from rock arystal, As there is 

no occasion for this separation, I have, in imitation of 


* Four, de Min, No. xxviii.255.  § Crystal. ii. 7x, ) 
| Mem. Par.1786. p78. See also Lametherie, Four. de Phys. xlii. 470. Be. 


t 
4 f 
a ee 


i” £42 | “SIMPLE STONES. 


~ 


ae FA os Order I. 
At —,——_ comprehending under it all the varieties. 


Pee 3- Blood red quartz; formerly called eaviipoo stelle eel 
cinth, and by Hauy quartz hematoide. It owes its colour — 
to oxide of iron. The mineral known to mineralogists : 
: wa: - by the name of stzople, and considered by them as a va= 
as riety of jasper, has been discovered by Dolomieu to beng 
i merely this variety of quartz in an amorphous state* 
ae | 4. Yellow quartz; called false topaz. Tate 
5. Rosy red quartz; called Bohemian ruby. 
For a fuller enumeration of these varieties, the reader! 3 


Classi. Mr Hauy, chosen the word quartz for the ee a names 


is referred to Smeisse?’s Mineralogy+ Kirwan’s Minera 
alogy t, and Gmelin’s edition of the Systema Nature ae 
Linneus§. This last writer, however, has arranged se-i 
veral minerals under quartz which do not belong to it. 


Se ee ae ee 
: att, 


Pure quartz is composed entirely of silica; but some 
e of the varieties of ‘this species are contaminated. with: % 
a metallic oxides, and with a small quantity of other, 
WR earthe, 3 hers cred yeatte am 
Sp. 2. | Elastic Quartz Il. ra e] 
This singular stone is moderatély elastic, and flexible 
in every direction. ‘Texture, earthy... Lustre, o or Pry 
Hardness, 9. Brittle. Specific gravity 2.624. Cahier a 
greyish white. Phosphoresces when scraped with a_ 
knife in the dark... The specimen analysed * Mr Kips 

‘roth contained . + + 96.5 silica, ° 

2:5 alumina, 

P 5 oxide of iron, - 


i y (statement 


99-5 1. 


Ged 


Sf: 
, 


: a 
* our. de Min, No.xxviii. 255. + 1.89. ft i. 244 bi iti, 194. 
4 Kirwan’s Win. i. 316.—Gerhard Mem. Berlin, 1783. p- 107 Sia 

roth’s Beitrage 2 Band. 113, Seealso Four. de Phys. xli, 91. 
q Beitrage, i116, 
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4 Species {il. 
Be yronadBil Pa a fusil—Silen of Hauy. bere? 


_ This stone; which has become so necessary in modern. Situation, 
war, is found in pieces of different sizes, and usually 

of a figure more or less globular, commonly among 

chalk, and often arranged in some kind of order. In 
‘Saxony it is said to have been found crystallized in hexa- 
hedrons, composed of two low three. sided Pyrat a 

plied base to base +. 

Its texture is compact. Its fracture, smooth con- Properties 
choidal. Lustre, external o, the stones being always 7 
covered by a white crust; internal 1, inclining to 
greasy. Transparency, 25 when very thin, 3. Hardness, 
To or 11. Specific gravity, from 2.58 to 2.63. Co- 
our varies from honey yellow to brownish black. Very 
brittle and splits into splinters in every direction. Two 
pieces of flint rubbed smartly together phosphoresce, 
a and’ emit a peculiar odour. When heated it decrepi- 

tates, and becomes white and opaque. When exposed 
; long to the air it often becomes covered with a white 
4 crust. : specimen of flint analysed by yrBiag ae con- 
- tained . 2. 2. g8.00 ‘silica, :  Composia 
p .50 lime, ie 


ee. a eee 


| .25 alumina, 
| 6:25 oxide Of iron, © Rm A 


fe ‘2.00 water.” nt 
a 109.00 + e 
-® Kirwan’s Min. i. 301.—Dolomieu, Four. de Min. No, xxxiii. 693. and AONE 
ua 
 Salivet, ibid. 713. These last gentlemen give the only accurate account a 
of the method of making gun flints. . ih 


¢ Gmelin’s Systema Nature, iii. 183. as, Beitrage, i. 46. Be y 


ois oe LS aN, Bie. 
| we SS ey 
| 444 | Ps. BEAN fold “SIMPLE stots ae 4 
em rl , [eC ipeeed ‘ 
m as ‘socal : Another s apgoinig Patialfsea by Dolomieu was com: 


e— posed OESE 97 silica, 
x alumina and oxide of iron, 
zs 2 water, 


Ns | | | 100 * | | | 

The white crust with which flint is enveloped con- 

sists of the same ingredients, and also a little carbonat | 

of lime. Dolomieu discovered that water is essential to 

flint ; for when it is separated “4 heat the stone loses i its. 

properties +. . bya 

un flints. The manufacture of gun fints is “chiefly confined, to 

England and two or three departments in France. The 

Operation is exceedingly simple; .a good workman will 

make toco flints in.a day. ‘The whole art consists in : 

striking the stone repeatedly with a kind of mallet, and . 

bringing off at each stroke a splinter, sharp at one end 

and thicker at the other. These splinters are afterwards _ 

Bre shaped at pleasure, by laying. the line at which it is 

| wished they should.break, upon a sharp iron instrument, 

and then giving it repeatedly small blows with a mallet, 

During the whole operation the workman holds the stone 

in his hand, or merely supports it on,his knee {. | 

Sp+ 4+, Opal ||. a 

Srontion. ‘Yaaatns stone is found in many parts of Europe, espe- | 

cially in Hungary, in the Crapacks near the village of © 
Czennizka. When first dug out of the earth it is softy ul 

but it hardens and diminishes in bulk by exposure to | 

: the air. The substance in which it is found is a ferru- © 


genous sand-stone §. | both i. 3: 
stv wl as ani 
ter * Four. de Min, No, Xxxill. 702. ~ + Ibid. t Ibid. 


§ Delius, Your. de Phys. xliv. 45. ’ 
{| Kirwan’s Min, i, 289.—Hauy, Four. de Hist. Noi. i ii. 9.—Delius, shiek 4 
de Phys, xliv. 45. : ee 
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cl opal is usually amorphous. . Its fracture is con- Sat 
choidal, commonly somewhat transparent. Hardness ———~ 
from 6 to 10. Specific gravity from 1.7 to 2.66. The ee 
lowness of its specific gravity, in some cases, is to be F 
ascribed to accidental cavities which the stone contains. By 
These are sometimes filled with drops of water. Some a: 
specimens of opal have the property of emitting various y 
_ coloured rays, with a particular effulgency, when placed 
- between the eye and the light. The opals which possess 
this property are distinguished by lapidaries by the 
epithet oriental; and often by mineralogists by the epi- ‘ 
thet nobilis. ‘This property rendered the stone much 
esteemed by the ancients. Opals acquire it by exposure 
to the sun. | 
# Variety 1. Ontental or noble.—Lustre glassy, 3. Vatictics 
ranspareacy, 3 to 2. Hardness, 6 to 8. Colour; usually 
light bluish white, sometimes yellow or green. When 
| heated it becomes opaque, and sometimes is decomposed 
by the action of the atmosphere. Hence it seems to 
follow that water enters essentially into its composi- 
‘tion. A specimen of this variety, analysed by Klap- / 
roth, contained go silica, 
fs 10 water, . 


100 * 


a Variety 2. Semi-opal.—-Fracture, imperfectly con- 
 choidal. Lustre, glassy 2. Transparency 2 to 3. Hard- 
“ness, 7 tog. Its colours are very various ; greys, yellows, 
eds, browns, greens of different kinds. 

_ Specimens of this variety sometimes occur with rifts : 
ese readily imbibe water, and therefore adhere to the 
tongue. Some opals gradually become opaque, but re- 


* Bejtrage, ii, 153. 
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cover their transparency when soaked in water by im- 
bibing that fluid. They are aon called pea oct or 
Variety 3. Cat’s eye *.—This eauleny comes from a 
Ceylon, and is seldom seen by European mineralogists | 
till it has been polished by the lapidary.. Mr Klaproth » 
has described a specimen which he received in its natu- 
ral state from Mr Greville of London. Its figure was 
nearly square, with sharp edges, a rough surface, eet 
a good deal of brilliancy. | 
‘Its texture is imperfectly foliated. Lustre pecan rea 
Transparency 3 to 2. Hardness ro. Specific gravity 
2.56 to 2.66. Colour grey ; with a tinge of green, 
yellow, or white: or brown, with a tinge of yellow or 
red. In certain positions it reflects a splendid white, as 
does the eye of a cat ; hence the name of this stone. 
Two specimens, dived by Klaproth, the first from — 
Ceylon, the other from Malabar, were composed of Lot 


95.00 94.50 silica 
oy i) 2.00 alumina 
ee SAK) 1.50 lime 
- 0.25 0.25 oxide of iron 
 -985t = 98.25 
. Sp. 5. Pitchstone}. ag 
;  Menelites. Rie ee 


4 

This stone, which occurs in different parts of Ger- 
many, France, and other countries, has obtained its” 
name from some resemblance which it has been suppo- 
sed to have to pitch. It is most usually in amorphous 


/ 
pieces of different sizes ; and it has been found also. cry y- 
a ) 


* Kirwan’s Min. i. 301.—Klaproth, Beitrage, i. go. t Beitrage, i L ‘94 
tIbid.p.96.  § Kir. Mia.i, 292.—Daubenton, Mem. Par. 1787, p. 86 


| PITCHSTONE—CHRYSOPRASE. 


a Fels z fs 
tallized in six-sided prisms, terminated by three-sided Genus. 5. 
ile Species V. 

P) ramids. Sia bl : 


ts fracture is todenwhdél and uneven, and sometimes Properties, 
a Poproadhies the splintery. Lustre greasy, from 3 to I. 
‘Transparency 2 to I, sometimes 0. Hardness 8 to ro. 
_Exceedingly brittle; it yields even to the nail of the 
finger. Specific gravity 2.049 to 2.39. Its coloursare 
‘numerous, greyish black, bluish grey, green, red, yel- | . ae 
low of different shades. Sometimes several of these co- cy 


_ lours appeat together in the same stone. A specimen 
of pitch-stone from Mesnil-montant near Paris *, ana- 
ies A Mr ae contained 


é 8 silica Composi- 
f 5: 5 tion, 


Beers: tes d 42.0 air and water 
1.0 alumina 

5 iron 
; at .5 lime and magnesia 


98.5 + 
Sp. 6. -Chrysoprasiumt. 

te pote mineral, which is found in different parts of. 
Germany, particularly near Kosemiitz in Silesia, is al- | 
4 ays amorphous. Its fracture is either even or incli- ee 
ning to the splintery. | Scarcely any lustre. Transpa- 
“tency 2 to 3. Hardness 10 to 12. Specific gravity 
$ 2.479. Colour green. Ina heat of 130° Wedgewood | 
it E whitens and becomes opaque. | Agel ot 
A specimen of this stone, analysed by Mr Klaproth, — tte uate He 


;. atained 


\ 
: i 
a ae 


atin 
oem 


* See Four. de Phys. X8Xi, 219. : t Beitrage, ii. 169. ae 
" Kirwan’s Jin, i—Lehmann, Mem. Berlin, 1755, p. pe ghee ieee 4 ee 


pet i. 127. 


ee? vl. 
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96.16 silica — Ade Sct 
1.00 oxide of roel is 
0.83 lime 
0.08 alumina, | 
0.08 oxide of iron 


cae serra emer 


y8.15* 


Genus. III. L. ty 
Sp.t. Native Lime. - To anal 
The existence of pure uncombined lime in a native 
state has been questioned ; but the evidence on. which 
the belief of its existence is founded is otieterd re~ 
spectable to put the matter be yond doubt. Monnet a 
firms that it exists in abundance in the mountains of 
Upper Auvergne, mixed, however, with a little oxic le 
of iron}. Dr Falconer of Bath found a soft whitish mi- 
neral in the neighbourhood of that town, consisting 
partly of pure lime capable of dissolving sulphur, and 
from which lime-water may be made. I have been in- 
formed by his son Mr Thomas Falconer, that a ger - 
tleman who is at present collecting the minerals about 
Bath has found it, though not in any great quantity. 


Genus IV. Ane. tine “ 

Sp.t. Ruby$. oe 

Spinel and balass Ruby of Kirwan—Ruby of Hauy 
—Rubis spinelle o€toedre of De Lisle—Spinellus of 
Gmelin. ed 


This stone, which comes from the island “6 Ceylo on, 


Wale 
* Beitrage, il. 133. ain. 
+ Monret’s Mineralogy, p. 515. ¢ On Bath Waters, p. 156. % 
§ See Kirwan’s Min, i. 253.-~Romé de Lisle, ii. 224.—Klaproth Beob. 
der Berlin, iii. 336. and Barrage, ii, 1.—Vauquelin Aan. de Chim. xxvii. $e 


~ 


and xxxi. 141. meas” 


RUBY—CEYLANITE. 
' 


> 


is usually crystallized. The form of its integrant par- 
ticles is the tetrahedron. The primitive form of its 
_ crystals is a regular octahedron, composed of two four- 
~ sided pyramids applied base to base, each of the sides 
* which is an equilateral. triangle *. In some cases 
two opposite sides of the pyramids are broader than the 
other two; and sometimes the edges of the octahedron 
are wanting, and narrow faces in their place. For fi- 
gures and descriptions of these, and other varieties of 
these crystals, the reader is referred to Romé de Lisle and 
the bbe Estaer +. 
Lhe texture of the ruby is foliated. Its lustre is 3. 
‘Transparency 3 to 4. It causes asingle refraction. Hard- 
ness 13. Specific gravity 3.570{ to 3.625 §. Colour 
red; if deep, the ruby is usually called dalass; if pale 
rosy, spinedl. 


: 
7 

4 

: 


i 


_ The ruby, according to the analysis of Vauquelin, is 
Oe 86.00 ‘alumina, 
8.50 magnesia, 
. | 5.25 chromic acid. 
e 99-75 Il 
The ancients seem to have cased this stone among 
their hyacinths q. 


Genus V. AIM. 


e Sp. 1. Ceylanite. 
q The mineral denominated ceylanite, from the island 


Be B ciara ioe aR SE a 
e * This octahedron is usually distinguished either by the epithet regular 


or alumini form, because it is the well-known form of crystals of alum. 
 $ Crystall, ti 226—Estner’s Miner. 73. + Klapretht, 


q Plinii, lib. xxxvii. c..9. 
Vor. III. Ff 


§ Hatchette and Greville. || Aen. de Chim. xxvii, 15, 
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i, of Ceylon, from which it was brought into Europe, had 
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Class I. 
Order I. 


—y——_ scribed by La Metherie in the Journal de Physique for 


Crystals, 


Properties. — 


Composi- 
tion, 


History. 


” 
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been observed by Romé de Lisle*; but was first de- 4 


January 1793. | 
It is most commonly found in rounded masses; but — 


sometimes also crystallized. The primitive form of its 
crystals is a regular octahedron: it commonly occurs © 
under this form, but more commonly the edges of the — 
octahedron are wanting, and small faces in their place}. 
The fracture of the ceylanite is conchoidal f. Its 
internal lustre is glassy. Nearly opaque, except when | 
in very thin pieces. Hardness 12. Specific gravity from i 
3-76447 § to 3.793 ||. Colour, of the mass, black; of — 
very thin pieces, deep green. Powder, greenish grey. — 
According to the analysis of Descotils the ceylanite is 
composed of, 68. alumina, ¢ 
16 oxide of iron, 
12. magnesia, 
2 silica. 
98 T 
Genus VI. 14. As. 
Sp. r. Topaz **. di, 
Occidental ruby, topaz, and sapphire. ~ +7 
The name topaz has been restricted by Mr Hauy to 7 
the stones called by mineralogists occidental ruby, topaz, 4 
and sapphire; which, agreeing in their crystallizatio a | 
and most of their properties, were arranged under one 7 
species by Mr Rome de Lisle. ‘The word topaz, derie 


* Cryst log. ti. 180. Note 21. + Hany, 7 Four. de Min. No. XXXVili. i264. 
t Ibid. 263. § Hauy. | fiessétie q Aun. de Chim. xxxiii, 113. 
** Kirwan’s Min. i. 254.—Pott. Wem. Berlin, 1747, p. 46. —Margraf, 4 
ibid. 1776. p. 73. and 160.—Henkel, et. Acad. Nat. Cur. iv. 316, P 


TOPAZ. 4gt 


‘ - . 


a 7 {- 
"ved from an island in the Red Sea, where the an- Gens: Vi 
cients used to find topazes, was applied by them to a © Species. 
; mineral very different from ours. One variety of our 
y topaz they denominated chrysolite. 
a The topaz is found in Saxony, Bohemia, Siberia, and 
: Brazil, mixed with other minerals in granite rocks, 
It is commonly crystallized. ‘The primitive form of Crystals 
its crystals is a prism whose sides are rectangles and 
bases rhombs, having their greatest angles 124° 22! 
and the integral molecule has the same form +3 and the * 
_ height of the prism is to a side of the rhomboidal bases | 
- as3to2. ‘The different varieties of topaz crystals hi- 
f . therto observed amount to 6. Five of these are eight- “ 
sided prisms, terminated by four-sided pyramids, or 
P wedge-shaped summits, or by irregular figures of 7, 13, 
or rs sides; the last variety is a twelve-sided prism, ter- 
_minated by six-sided pyramids wanting the apex. For 
| “an accurate description and figure of these varieties the — 
| reader i is referred to Mr Hany f. 
- Phe texture of the topaz is foliated. Its lustre 1S Properties, 
from 2 to 4. ‘Transparency from 2 to 4. It causes a 
double refraction. Hardness 12 to 14. Specific gravity » 
from 3.5311 to 3-564. The Siberian and Brazil topazes, 
__ when heated, become positively electrified on one side, 
and negatively on the other§. It. is infusible by the 
4 ” _ blow-pipe. The yellow topaz of Brazil becomes red 
when exposed to a strong heat in a crucible; that El 
of Saxony becomes white by the same process. 


ee AN ATT TY 


a * It got its name from roraa, to seek; because the island was often 
surrounded with fog, and therefore difficult to find. See Plinii, lib, 


XXKvii. c. 8. 
+ Hauy, Your. de Min. No, xxviii. 287. ' Four.de Min, ibid. 


§ Hauy;, ibid. 
a Eye 


oe 
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ClassI. This shews us that the colouring matter of these two. 7 
eogaliay stones is different. _ 
The colour of the topaz is various, which has indu- 

ced mineralogists to divide it into the following varie- 

ties : r 4 

Varieties, , 1. Red topaz, of a ia colour, inclining to yellow ; 
called Brazilian or occidental ruby. 

2. Yellow topaz, of a golden yellow cdloeny and. 

sometimes also nearly white; called occidental or Bra- 4 

zil topaz. The powder of this and the following variety 4 

causes syrup of violets to assume a green colour * 

3. Saxon topaz. It is of a pale wine yellow eae 

and sometimes greyish white. 

4. Aigue marine. It is of a bluish or pale green co- 

lour. | . 

5. Occidental sapphire. It is of a blue colour; and 

sometimes white, 

A specimen of white Saxon topaz, analysed by Van 

quelin, contained | 68 alumina 

31 silica 


99 t 
Sp. 2. Sommite. 
Hexagonal white shorl of ¥erber—Wahite hyacinth of 
Somma, 

This stone was called sommite by Lametherie, fro 
“i the mountain Somma, where it was first found. It is 
usually mixed with volcanic productions. It crystalli- 
zes in six-sided prisms, sometimes terminated by pyra- 
mids. Colour white. Somewhat transparent. Cuts 
glass. Specific gravity 3.2741. Infusible by the blow- 


ee 


* Vauquelin, Four. de Min. No. XXix. 165. 4 Ibid. No, XXiv, 3 
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pipe. According to the analysis of Wauquelin, it is or VI. 
s. 


~ composed of 49 alumina i's Species III. 
‘ ¢ : 46 silica 


2 lime 
. I oxide of iron 
araehes 
Sp. 3a) ‘Shorlite+. 
This stone, which received its name from Mr Kla- 
proth, 1s generally found in irregular oblong masses or 
_ columns, inserted in granité. Its texture is foliated. 
Fracture uneven. Lustre 2. Transparency 2 to I. 
Hardness 9 to 10. Specific gravity 3.53. Colour green- 
ish white, or sulphur yellow. Not altered by heat. Ac- of 
_ cording to the analysis of Klaproth, it is composed of 
50 alumina 
es bi 7 50 silica 


LOO 


Genus VI. 2. sa. 
Sp. 4.  Rubellite {.—Siderzte of Lermina. 
Red shorl of Siberia—Daourite of Delametherie. 

This stone is found in Siberia mixed’ with white 
quartz. It is crystallized in small needles, which are / 
grouped together, and traverse the quartz in various di- 
rections. Texture fibrous. Fracture glassy, inclining 
to the conchoidal. Transparency 2; at the edges 3. 
_ Hardness 10. Brittle. Specific gravity 3.048. Colour 


crimson, blood, or peach red. By exposure to a red 
heat it becomes snow white; but loses none of its 


 ® Four. de Min, No. xxviii. 279. t Kirwan’s Min. i. 286. 
| t Kirwan’s M42, i. 288.—Bindheim, Crell’s Annals, 1792, p. 320.-— 
Lermina, Jour. de Phys. xlix. 374. 
Ff3 
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Sloe |. weight. It tinges soda blue, but does not melt with it. q 
ty When heated, acquires the electricity of the tourmaline. ; _ 
| According to the analysis of Mr Bindheim, it is com- ’ 
posed of ...... 59 silica } 
. | 35 alumina 7 
5 oxides of iron and manganese 
a 
According to Lermina of 36 silica 08 
48 alumina. 7 Fhe : 
-3% lime ee 
9 oxide of manganese 
Meet oe 
Sp. 5. Hornslate *. 
Shestose porphyry. . 
This stone, which occurs in mountains, is generally 
amorphous ; but sometimes also in columns. Structire 
slaty. Texture foliated. Fracture uneven and splin- 
tery; sometimes approaching the conchoidal. Lustre 
»o. Transparency 1 or o. Hardness about 10. Speci- 
fic gravity from 2.512 to 2.7. Colour different shades 
of grey, from ash to bluish or olive green. Melts at 145° 
Wedgewood into an enamel. A specimen analysed by 
Wedgewood contained 43.0 silica | 
23.9 alumina 
3.5 iron 
Sp. 6. Hornstone +. 
Petrositlex—Chert. 


This stone, which makes a part of many mountains, 
- ] : 4 


* Kirwan’s Min. i, 307.—Wiegleb, Crell’s Anzals, 1787, 1 Band. 302. 
See also Reuss, Samal, Natur. Hist. Aufsdae, p.207- 

+ Kirwan’s Min, i. 303.~-Baumer, Your. de Phys. ti. 1 54. and Mon- 
net, Ibid. 331.—Wiegleb, Crell’s Annals, 1788, p, 45. and 135.— Four. de 
Phys, lii, 239. . 


HORNSTONE—CHALCEDONY. 


is usually amorphous ; but, as Mr Kirwan informs us, 


it has been found crystallized by Mr Beyer on Schnee- 
berg. Its crystals are six-sided prisms, sometimes ter~ 


j 


a 


minated by pyramids ; hexahedrons, consisting of two 


three-sided pyramids applied base to base; and cubes, 
or six-sided plates *. Its texture is foliated. Fracture 
spliatery, and sometimes conchoidal. Lustre o. Trans- 
parency 1 to 2. The crystals are sometimes opaque. 


Hardness 7 tog. Specific gravity 2.532 to 2.653. Co- 


lour usually dark blue: but hornstone occurs also of 
the following colours; grey, red, blue, green, and brown 
of different shades +. 
According to Kirwan, it is composed of 
»2 silica 
22 alumina 
6 carbonat of lime 


- s 


root 
Sp. 7. Chalcedony. 

This stone is found abundantly in many countries, 
particularly in Iceland and the Faro islands. It is most 
commonly amorphous, stalactitical, or in rounded mas- 

ses; but it occurs also crystallized in six-sided prisms, 
terminated by pyramids, or more commonly in four or 
six-sided pyramids, whose sides are convex. Surface 
rough. Fracture more or less conchoidal. Lustre 1. 


Somewhat transparent. Hardness to to 11. Specific 


gravity 2.56 to 2.665. Not brittle. 


According to Bergman, the chalcedony of Faro is 


composed of . . . . 84 silica 
16 alumina, mixed with iron 


a e 


IOo 


oe Kirwan’s Min. i. 303. { Schmeisser’s Min. i, 103. 
Z Ibid. p. 305. | 
Ffa 
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Variety 1. Common chalcedony.—Fracture even, in- 


clining to conchoidal. Transparency 2 to 33 some- 
times r. Its colours are various ; it is most common- 
ly greyish, with a tint of yellow, green, blue, or pearl; 
often also white, green, red, yellow, brown, black, or 
dotted with red. When striped white and black, or 
brown, alternately, it is called onyx; when striped 
white and grey, it is called chalcedonix. Black or brown 
chalcedony, when held between the eye and a re 
light, appears dark red. . 

Variety 2. Cornelian.—Fracture conchoidal. Trans- 
parency 3 to 1; oftencloudy. ‘Its colours are various 
shades of red, brown, and yellow. Several colours often 
appear in the same mass, To this variety belong ma- 
ny of the stones known by the name of Scotch pebbles. 

Sp. 8. Jasper *. * 

This stone is an ingredient in the composition of 

many mountains. It occurs usually in large amorphous 


masses, and sometimes also crystallized in six-sided ir- 


regular prisms. Its fracture is conchoidal. Lustre 
from 2 too. Either opaque, or its transparency is 1. 
Hardness 9 toro. Specific gravity from 2.5 to 2.82. 
Its colours are various.. When heated, it'does not de- 
crepitate. It seems to be composed of silica and alu- 
mina, and often also contains iron. 


Variety 1. Common jasper.—Specific gravity from 


2.58 to2.7. Its colours are, different shades of white, 


yellow, red, brown, and green; often variegated, spot- 
ted, or veined, with several colours. 


Variety 2. Egyptian pebble.——This variety is found 


*® Kirwan’s Min, i. 309.—Borral, Hist. Natur. de Corse—Henkel, Act. 
Acad. Nat. Curios. v 339: 
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; | _ JASPER—TRIPOLI. 2 Se 


osiiedhy in Egypt. It deuall has a spheroidal or flat ape VL 
rounded figure, and is enveloped in a coarse rough crusts speciesX. 
It is opaque. Hardness 10. Specific gravity 2.564. MWe OM 
It is chiefly distinguished by the variety of colours, 
which always exist in the same specimen, either in con- 
centric stripes or layers, or in dots or dendritical figures. 
These colours are, different browns and yellows, milk 
white, and isabella iil black also has been observed 
in dots.. 
Variety 3. Striped jasper.—This variety is also di- 
, tinguished by concentric stripes or layers of different 
colours: these colours ate, yellow, brownish red, and 
green. Tt is distinguished from the last variety by its 
occurring in large amorphous masses, and by its frace 
ture, which is nearly even. 
Sp. g. Tripoli. 
‘This mineral is found sometimes in an cartity form, 
but more generally indurated. Its texture is earthy. Propertics 
Its fracture often somewhat conchoidal. Lustre o. Ge- ~ 
erally opaque. Hardness 4 to 7. Specific gravity 2.680 
to 2.529. Absorbs water. Feel, harsh dry. Hardly ad- 
heres to the tongue. Takes no polish from the nail. 
Does not stain the fingers. Colour generally pale yellow- 
ish grey, also different kinds of yellow, brown, and white. 
It contains, according to Haasse, go parts of silica, 
+ alumina, and 3 of iron. A mineral belonging to this Composi- 
species was analysed by Klaproth, and found to contain st 
66.5 silica 
es dh 4.c alumina 
: | 2.5. oxide of iron 
1.5 magnesia 
1.25 lime 
19.0 air and water 


97°75 
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_ Class I. Genus VII. 1.\asi. 
Order L ae 
Serpe si SoSpi 1.) Micarell*. 


This name has been given by Mr Kirwan to a stone 
which former mineralogists considered .as a variety of | 
mica. Itis found in granite. Its texture is foliated, : 

and it may be split into thin plates. Lustre metallic, 3. 
.Opaque.. Hardness 6. Specific gravity, 2.980. Co- 
lour brownish black. At 1 5 3° Wedgewood, it melts - 
into a black compact glass, the surface of which is red- 
dish}. eo De 
Composi- A specimen analysed by Klaproth contained 
oT 63.00 alumina : 
29.50 silica | 
6.75 iron 


99525 : 
| Sp.idsii howls} >i 8 Pt 
History. — No word has been used by mineralogists with less li- 
mitation than shor/. It was first introduced into mine- 
ralogy by Cronstedt, to denote any stone of a columnar) 
form, considerable hardness, and a specific gravity from 
3 to 3.4, This description applied to a very great num- 
ber of stones; and succeeding mineralogists, though 
they made the word more definite in its signification, 
left it stillso general, that under the designation of shorl 
almost 20 distinct species of minerals were included. 4 
Mr Werner first defined the word shor/ precisely, an 
restricted it to one species of stones. I use the word in 4 
the sense assigned by him. 
Shorl is found abundantly in mountains, either mas- 
sive, or crystallized in three or nine sided prisms, often 
ee 


* Kirwan’s Min, i. 212. + Kirwan, Ibid. f Ibid. i. 265. 


—liated. Its fracture conchoidal. Lustre 2. Opaque, 


- 
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terminated by three-sided summits. The. sides of the Genus Vi. 

: . 5 Ty) ASE 
crystals are longit inally streaked. Its texture is fo- Species IIL 
Properties, 
Hardness 10. Specific gravity 2.92 to’ 3.212. Colour 


black. Streak grey. It does not become electric by 


heat. When heated to redness, its colour becomes 
brownish red ; and at 124° Wedgewood, it is convert- 
ed into a brownish compact enamel*. According to 
Wiegleb, it is composed of 41.25 alumina 


Composi- 
tion. 


34.16 silica 
20.00 iron 
5.41 manganese 


} 100.82 + 


Sp. 3. Granatite. 


Staur tide of Hauy—Pzerre de Croix of De ‘Lisle 


Staurolithe of Lametherie. 

I have adopted from Mr Vauquelin the term grana- 
tite to denote this stone, because al] the other names are 
ambiguous, having been applied to another mineral pos- 
sessed of very different properties, | 

_Granatite is found in Galicia in Spain, and Britanny 
in France. It is always crystallized in a very peculiar Crystals. 
form ; ‘two six-sided prisms intersect each other, either - 
at right angles or obliquely. Hence the name cross- 
stone, by which it was known in France and Spain t. 
Mr Hauy has proved, ina very ingenious manner, that 
the primitive form of the granatite is a rectangular 
prism, whose bases are rhombs, with cna i Lge? 
and 502°; and that the height of the prism is to the, 


—.  ieesnoaetenne seal 


7 


* Kirwan’s Min. 1. 166. 
+ Crell’s Beitrage, 1. Band. 4 Stuck,. p. 21. } Romé de Lisle, ii. 435. 
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greater diagonal of a rhomb as 1 to 6; and that its in- | 


tegrant molecules are triangular prisms, similar to what 
would be obtained by cutting the primitive crystal in 
two, by a plane passing vertically through the shorter 
diagonal of the rhomboidal base. From this structure 
he has demonstrated the law of the formation of the 
cruciform varieties*. The colour of granatite is grey- 


ish or reddish brown. Specific gravity 3.2861. Hard- 


ness 12. Texture compact. Usually opaque, 
According to the analysis of Vauquelin, it is com- 
posed of 47.06 alumina ‘oe 
30 59 silica | 
15.30 oxide of iron 
3.00 lime 


95-95 + 


Genus VII. 2. sar. * 


Sp. 4. Tourmaline {. 

This stone was first made known in Europe by speci- 
mens brought from Ceylon; but it is now found fre. 
quently forming a part of the composition of mountains. 
It is either in amorphous pieces, or crystallized in three 
or nine sided prisms, with four-sided summits. The 
primitive form of its crystals is an obtuse rhomboid ; 
that of its integrant particles an irregular tetrahedron. 

Its texture is foliated: Its fracture conchoidal. In- 
ternal lustre 2 to 3. Transparency 3 to 4 ; sometimes 


* Ann. de Chim. Vi. 142. + Ibid. xxx.106. « 

} Kirwan, i. 2.71.—Bergman, ii. 118. and v. 402.—Gerhard, Mem. Berl. 
1777, p- 14.—Hauy, Mem. Par. 1784, Pp: 270.— Wilson, Phil. Traas. xli. 
308.—Epinus, Recueil sur la Tourmaline—See also La Porterie, le Sap- 
phir, P Oeil de Chat, et la Tourmaline de Ceylon demasqués. 
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TOURMALINE—ARG. FELSPAR. 
. : i 
only 2*. Causes only single refraction+. Hardness 9 
to 11. Specific gravity 3.05 to 3.155. Colour brown, © 
* often so dark that the stone appears black; the brown 
has also sometimes a tint’ of green, blue, red, or yellow. 
When heated to 200° Fahrenheit, it becomes elec-— 
tric; one of the summits of the crystal negatively, the 
other positively {. It reddens when heated ; and is fu- 
sible per se with intumescence into a white or grey en- 
amel. 
A specimen of the tourmaline of Ceylon, analysed by 
‘“Vauguelin, was composed of 
40 silica 
P 39 alumina 
12 oxide of iron 
4 lime 
2.5 oxide of manganese 


97-5 § 
Sp. 5. Argentine felspar |. 

This stone was discovered by Mr Dodun in the black 
mountains of Languedoc. It is either amorphous, or 
crystallized in rhomboidal tables, or six or eight sided 

prisms. Its texture is foliated. Fragments rectangu~ 
lar. Lamine inflexible. Internal lustre 4. Transpa- 
rency 2. Colour white; two opposite faces of the cry- 
stals are silver white, two others dead white. Hard- 
_ ness of the silver lamine 6, of the rest 9. Brittle. 
Specific gravity 2.5. When the flame of the blow-pipe 


er vs wee 


# And when black only x. It is always opaque when viewed in a di- 
rection parallel to the axis of the crystal. 
+ Hauy, Four, de Min. No. xxviii. 265. } pinus. 
§ dan. de Chim, xxx. 105. | Kirwan, i. 327. 
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of 46 silica 


apt to decay: Its surface becomes iridescent, and at 
last changes to ochre-yellow: Its specific gravity is 
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is directed against the edges of the crystal (stuck upon 
glass), it easily melts into. a clear compact glass; but 
when the flame is directed against the faces, they pre- 
serve their lustre, and the edges alone slowly melt, 
According to the analysis of Dodun, it is composed 


36 alumina 
16 oxide of iron 


Sa 98 
When this stone is ‘exposed to the atmosphere, it is 


2.3 or 2.2123 and when breathed tas it gives out an 
earthy smell. 
Sp. 6. Mica*. 
This stone forms an essential part of many moun- 
tains, and has been long known under the names of g/a- 
cies marie and Muscovy glass. It consists of a great 


number of thin lamine adhering to each other, some- — 


» * 
ee 


times of a very large size. Specimens have been found — 
in Siberia nearly 24 yards square +. 

It is sometimés crystallized: Its primitive formisa 
rectangular prism, whose bases are rhombs, with an- 
gles of 120° and 60°: Its integrant molecule has the 
same form. Sometimes it occurs in rectangular prisms, 
whose bases also are rectangles, and sometimes also in 
short six-sided prisms ; but it is much more frequently. 
in plates or scales of no determinate figure or sizet. 


a 


Ponaactenncnen tenia tere 


* Kirwan, 210.—Gmelin, Now. Com. Petropol. xii. 549. 

+ Hist. General de Voyages, t. xviii. 272. quoted by Hauy, Four. de Miz. 
No. xxviii. 299. 

¢ Hauy, Four. de Mia. No. xxviii. 296. 
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MICA—TALC. 


: ' 
Its texture is foliated. Its fragments flat. ‘The la- 
" melle flexible, and somewhat elastic. Lustre metallic, s 
from 3 to 4. Transparency of the lamine 3 or 4, some- 
times only 2*, Hardness 6. Very tough. Often ab- 
sorbs water. Specific gravity from 2.6546 to 2.9342. 
Feels smooth, but not greasy.. Powder feels greasy. 
Colour, when purest, silver white or grey ; but it ot- 
‘curs also yellow, greenish, reddish, brown, and black. 
Mica is fusible by the blow-pipe into a white, grey, 


green, or black enamel; and this last is attracted by . 


the magnet +. Spanish wax rubbed by it becomes ne- 
gatively electricf. 
A specimen of mica, daatysed by Vauquelin, contained 
50.00 silica 
35.00 alumina 
4.00 oxide of iron 
1.35 magnesia 
1.33 lime 


‘ 94-68 § 

Mica has long been employed as a substitute for 
glass. A great quantity of it is said to be used in the 
‘Russian marine for panes to the cabin windows of ships; 
it is preferred, because it is not so liable as glass to be 
broken by the agitation of the ship. 

Sp. 7. Tale ¥. 
This stone has a very strong resemblance to mica, 


* Black mica is often nearly opaque. 


} Hauy, Four. de-Min. No, xxviii. p.295. Bergman, however, ae 
pure mica infusible per se. 

{ Ibid. § Ibid. * 

' § Kirwan, 1. 150.— —Poit. Mem, Berl, 1746, p. 65. 
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and was long considered as a mere variety of that mine- _ . 


ral. It occurs sometimes in small loose scales, and 


sometimes in an indurated form ; but it has not hither- 
to been found crystallized. | 

Its texture is foliated. The 1amelle are flexible, but 
not elastic. Its lustre is from 2 to 4. Transparency — 
from 2 to 4. Hardness.4 to 6. Specific gravity, when 
indurated, from 2.7 to 2.8. Feels greasy. Colour most | 
commonly whitish or greenish. Spanish wax rubbed | — 
with it becomes poszttively electric * es 

Variety 1. Scaly tale. Talcite of cate va~ 
riety occurs under the form of small scales, scarcely co- 
hering. Lustre 3 to 4. Very light. Adheres to the 
fingers. When rubbed upon the skin, it gives it a 
gloss.. Colour white, with a shade of red or green ; 
sometimes leek ereen. 

Variety 2. Common tale. Venetian talce.—This va- 
riety often occurs in oblong nodules. Lustre, nearly 
metallic, 4. Transparency 2 to 3; when very thin 4. 
Hardness 4 to 5. Colour white, with a shade of green 
or red; or apple green, verging towards silver white. 
By transmitted light green. 

Variety 3. Shistose tale —Its structure is slaty. Frac. 
ture hackly and long splintery. Easily crumbles when 
rubbed in the fracture. External lustre, 2 to 3; inter- 
nal, 1; but sometimes, in certain positions, 3.. Colour 
grey, with a shade of white, green, or blue.: | Mae) 


white and scaly when exposed to the air. 


A specimen of common talc, analysed by Mr Chane 


vix, contained 


cane 


* Hauy, Jour de Min. No. xxviii 291. ‘ 


BASALTINE, 


48.0 silica 
37.0 alumina 
6.0 oxide of iron 
1.5 magnesia 
1.5 lime 
<= 5.0 water 


99-0 * 
Sp. 3. Basaltine }. 
Basaltic hornblende of Werner—Actinote of Hauy— 
Zillertite of Lametherie. 

This stone is found commonly in basaltic rocks ; 

hence its name, which was imposed by Mr Kir- 
wan. It is crystallized, either in rhomboidal prisms, 
or six or eight-sided prisms, terminated by three-sided 
pyramids. The primitive form of its crystals is a rhom- 
boidal prism. Its texture is foliated. Its fracture un- 
even. Lustre 3. Transparency, when in very thin 
plates, 1. Hardness from 9g to to. Specific gravity 
3-333 Colour black, dark green, or yellowish green. 
Streak white. Transmits a reddish yellow light. Be- 
_ fore the blow-pipe it melts into a greyish coloured en- 

amel, with a tint of yellow]. A specimen, seemingly 
of this stone, analysed by Bergman, contained 
58 silica 
24 alumina 

9 iron 

‘4 lime 
_ I magnesia 
999 


ce 


* Ann. de Chim, XXVili. 200, + Kirwan, i. 219. 
Le Lievre, ‘four. de Min. No. XXVili. 269. § Bergman, ili. 207: 
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Sp. 9. Hornblende*. 

Amphibole of Hauy t. 

mountains, Its texture is very conspicuously foliated. 
Fracture conchoidal. . Fragments often rhomboidal. 


Lustre 2. Opaque. Hardness5 tog. Tough. Spe- 
cific gravity 2.922 to 3.41. Colour black, blackish 4 
green, olive green, or leek green. Streak greenish. It — 
‘neither becomes electric by friction nor heat}. Be- 5 
fore the blow-pipe it melts into a black glass. A spe= _ 
cimen of black hornblende, analysed by Mr Hermann, a 


was composed of 37 silica 
. 27 alumina 
25 iron 
5 lime 
3 magnesia 
o7§ oe 
Sp. 10. Resplendent Hornblende. 
“There are two mizerals which Werner considers as 


varieties of hornblende, and Mr Kirwan as constituting 


a distinct species. These, till future analyses decide the 


point, I shall place here under the name of resplendent. 
hornblende, the name given them by Mr Kirwan; and : 


I shall describe them separately. 


¢ 


Variety 1. Labradore hornblende.—Texture curved 


foliated. Lustre, in some positions, 0; in others me- 
tallic, and from 3 to 4. Opaque. Hardness 8 to 9. 


ee 


* Kirwan, i. 213. : 
4 Under this name Mr Hauy comprehends shor! also. 


¢ Hauy, Your. de Min, No. xxviii. 267. 
§ Beob. der Berlin, § Band. 317. , i 


This stone enters into the composition of various — 


, * 


ee 


7 
’ } 


HORNBLENDE—OB SIDIAN. _ 467 


J oa. da As : Genus VII. 
_ Specific gravity from 3.35 to 3-434- Colour, im most © totes 


_ positions, greyish black; in, others, it reflects a strong Species XI. 
_ iron grey, sometimes mixed with copper red. i 
| Fariety 2. Shiller spar *.—Texture foliated. Lustre 
- metallic, 4. Transparency, in thin pieces, E. Hard- - 
: ness 8 to 9. Specific gravity 2.882. Colour green, 
_ often with a shade of yellow ; also golden yellow. In 
some positions it reflects white, grey, oF yellow. At 
141° Wedgewood, hardened into a porcelain mass. A 
“specimen, analysed by Gmelin, was composed of 

43.4 silica ' 

17.9 alumina — 

23.7 iron 
" 11.2 magnesia 


———— 


Pps 96.54 

It has been found in the Hartz, stuck in a serpentine 
4 rock, | 

= : Sp. 11. Obsidian f. 

| Iceland agate. 

| This stone is found either in detached masses, or form- 
_ ing a part of the rocks which compose many mountains. 
7 is, usually invested with a grey or opaque crust. Its 
_ fracture is conchoidal, Its internal lustre 3. Trans- * 
_ parency 1. Hardness Io. Specific gravity 2.348. Co- 
Jour black or greyish black : when in very thin pieces, . 
green. It melts into. an opaque_grey mass. According 
to Bergman, itis composed of 69 silica As 
. | 22 alumina 


‘ 


_ g iron 
100§ 
q , ee 
a ” * Kirwan, i. 221. + Bergbaukunde, 1 Band. p. 92. 
| $ Kirwan, i264. ~ § Bergman, iii. 204. : 
Geg2 
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Sp. 12. Petrilite*. iis 
L232 Cubic felspar. 


This stone is found in the mass of mountains. It is 


amorphous. Texture foliated. Fracture splintery. Frag- 
ments cubic, or inclining to that form; their faces un- 
polished. Lustre 2. Transparency partly 2, partly 1. 
Hardness 9. Specific gravity, 3.081. Colour reddish — 
brown. Does not melt at 160° Wedgewood. . 
Sp.13. Felsite +. sate 

Compact felspar. 

This stone also forms a part. of many mountains, and ¥ 
isamorphous. Texture somewhat foliated. Fracture | 
uneven, approaching to the splintery. Lustre 1. Trans- 4 
parency scarce 1. Hardness 9, ‘Colour azure blue, — 
and sometimes brown and green. Streak white. Be- — 
fore the blow-pipe whitens and becomes rifty ; but i is 


infusible per see 


Genus VIII. Snaw. 
Sp. i. Pimelite. 


The mineral distinguished by this name is an earthy 
substance, of an apple green colour, which accompanies q 
the chrysopase of Tkosemiitz. Klaproth has analysed | 
ic. and found it composed of the following ingredients. — 

35.00 silica . 
15.62 oxide of nickel i 
5.00 alumina Ms 
4.58 oxide of iron eh Ce 
1.25 magnesia Bie 
37-91 water tes 


* Kirwan, i. 325. + Ibid. 326. t Four.de Phys. lit. 39. 


Ke y 
_FELSPAR. ye 469 
| 1X. 
ea IX. Sap. ie 
: Species I. 


Sp. 1. Felspar*. 
This stone forms the principal part of many of the 
highest mountains. It is commonly crystallized. Its Crystals. 
_ primitive form, according to De Lisle, is a rectangular 
_ prism, whose bases are rhombs, with angles of 65° and 
pate... Sometimes the edges of the prism are wanting, 
and faces in their place ; and sometimes this is the case 
also with the acute angles of the rhomb. For a de- 
“scription and figure of these, and other va wrieties, the 
reader is referred to Romé de Lisle +, Mr ann? and 
. Mr Pini §. 
“Its texture is foliated. Its cross fracture uneven. Properties. 
Fragments rhomboidal; and commonly smooth and po- 
“lished on four sides. \ Lustre of the polished faces often 
53: ‘Transparency from 3 tor. Hardness gto 10. Spe- 
cific gravity from 2:437 to 2.7. Gives a peculiar odour 
when rubbed. It is made electric with great difficulty 
by friction. Fusible per se into a more or less trans- 
parent glass. When cry sta ilized, it ‘decrepitates before 
the blow- pipe. ere: 
Variety 1. Yure felspar. Moonstone—Adularia.— 
This is the purest felspar hitherto found. It occurs in 
- Ceylon and Switzerland ; and was first’ mentioned by 
_ Mr Sage. Lustre nearly 3. Transparency 2 to 3. 
Hardness 10: Specific gravity 2.559. Colour white; ~ 
sometimes with a shade of yellow, green, orred. Its 


Varieties. 


gurface is sometimes iridescent. 
Variety 2. Common felspar. Lustre of the cross 


t 


* Kirwan, i. 316. anid Four. de Phys. passim. 
—- f Crystal. ii. 461. { Men. Par. 1784; p- 273s 
vy 4 Sur de Nouvelle Crystallisation, &c, 8. 
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fracture 0; of the fracture, in the direction of the la- — 
minz, from 3 to 1. Transparency 2 to 1. Colour most ~ 
commonly flesh red; but often bluish grey, yellowish F 
white, milk white, brownish yellow; and sometimes — 
blue, olive green, and even black. : : 

Variety 3. Labradore felspar——This variety was dis- 
covered on the coast of Labradore by Mr Wolfe; and — 
since that time it has been found in Europe. Lustre 2 
to 3. Transparency from 1 to 3.’ Specific gravity from” 
2.67 to 2.6925. Colour grey. In certain “positions, 
spots of it reflect a blue, purple, red, or green colour. 

Variety 4. Continuous felspar.—This variety most. 
probably belongs to.a different species; but as it has not : 
hitherto been analysed, I did not think myself at liberty 
to alter its place. 

It is found in large masses. ‘Texture earthy. Frac- 
ture uneven, sometimes splintery. Lustre o. Trans- 
parency 1. Hardness 10. Specific gravity 2.609. Co- 
lour reddish grey, reddish yellow, flesh red. ae 

A specimen of green felspar from Siberia, analysed 
by Vauquelin, contained 62.83 silica, 
17.02 alumina, 

16.00 potass, 
3.00 lime, 
1.00 oxide of iron, 


99-85 * 
Sp. 2. Lepidolite +. 
Lilahite. fs 
This stone appears to have been first observed y the 


CERES sie a. EAI SR 


* Ann. de Chim. Xxx. . 106. ; 
+ Kirwan, i. 208.—Karsten, Beob, der Berlin, 5 Band, peoKlnpoi 
Beitrage, i, 279, and i, 191. 
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ae ae LEPIDOLITE. — ayy 
Abbé Poda, and to have been frst described by De este 


, ‘Born *. Hitherto.it has only been found in Moravia ~ Species Il. 
in Germany, and Sudetmania in Sweden +... There it 1S 
mixed with granite in large amorphous masses. It is Propertics, 
composed of thin plates, easily separatedy and not unlike 
those of mica}. Lustre, pearly 3. Transparency be- 

tween rand 2. Hardness 4 to:5. Not easily pulve- 

rised:§. Specific gravity from 2.816 || to 2.8549 4- 
Colour of the mass, violet blue; of the thin plates, 
silvery white. Powder white, with a tint of red **. Be- 
fore the blow-pipe, it froths, and melts easily into a white 
 -semitransparent enamel, full_of bubbles.  Dissolves in 
borax with effervescence, and communicates no colour 
 toitt+. Effervesces slightly with soda, and melts into 
amass spotted with red. With microcosmic salt, it 
gives a pearl~coloured globule tT. 
a This stone was first called lilalite from its colour, that 

~ of the Jly. Klaproth, who discovered. its component 
parts, gave it the name of lepidolite §§. 

It is composed of 53 silica, ~ Composi- 

20 alumina, rae 
18 potass, 

5 fluat of lime, 
2 oxide of manganese, 


. 3 
rt oxide of iron. 


100 |Ill 
# Crell’s Aanals, 179%, it. 196. + Beyer, Ann. de Chim. xxix. 108. 
$ Le Lievre, Four. de Min. No. li. 219. § tbid. | Klaproth. 
q Hany. ** Le Lievre, Jour. de Mia. No. hi. 219. ++ Ibid. 


¢{ Klaproth, 4a, de Chim, xxit. 37+ 


§{ That is, «cale stone, o¢ stone composed of scales: From ayziis, the 
ae scale of a fish, and aifes, a store. 
) Wt] Vauquelin, daa. d Chm. XXX. 105. 
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Sp. 3. Leucite *. 

Vesuvian of Kirwan—-White garnet of Vesuvius. 
This stone is usually found in volcanic. productions, — 
and is very abundant in the neighbourhood of Vesuvius. — 
It is always crystallized. ‘The primitive form of its cry- 
stals is either a cube or a rhomboidal dodécahedron, and _ 
its integrant molecules are tetrahedrons ; but the varie- 
ties hitherto observed are all polyhedrons. The most 
common has a spheriodal figure, and is bounded by 24 
equal and similar trapezoids ; sometimes the faces ‘are 
12, 18, 36, 54, and triangular, pentagonal, &c. For 
a description and figure of several of these, I refer the 
reader to Mr Hauy +. The crystals vary from the. size 
of a pin head to that of an inch. ay 
The texture of the leucite is foliated. Its fracture 
somewhat conchoidal. Lustre 3; when in a state of — 
decomposition o. ‘Transparency 3 to 23 when decom- 
posing o. Hardness 8 to 10; when decomposing 5 to 6. 
Specific gravity 2.4648. Colour white, or greyish 
white {. Its powder causes syrup of i ici to assume 


It is composed, as Klaproth has shewn, of . 
54 silica 
23 alumina 
22 potass 


- goll | . 
It was by analysing this stone that Klaproth disco~ 


* Kirwan, i. 285. + four. de Min. No. XXVil. 183. 

t Hence the name leucite, from rEvxoc, white. 

§ Vavquelin, Four. de lin. No. xxxix. 165. 

\| See Four, de Min. No. xxvii, 194. and 202, and Klaproth’s hae 
le 39s 


‘ 
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: oe a . : , }. . 
~wered the presence of potass in the mineral kingdom 3 ue 
AG. 
which is not the least important of the numerous disco- — Species 1. 
2 weries of that accurate and illustrious chemist. F 


-Leucite is found sometimes in rocks which have never 
F aber exposed to volcanic fire; and Mr Dolomieu has 
rendered it probable, from the substances in which it is 
- found, that the leucite of volcanoes has not been formed 
by volcanic fire, but that it existed previously in. the 

rocks upon which the volcanoes have acted, and that 
jt was thrown out unaltered in fragments of these 
rocks * 
| Sp. 4. White Chlorite. 

This is a mineral composed of brilliant scales of a 
silk white colour,, very soft, and when rubbed upon 
other bodies, leaving a powder resembling the scales of 

] fish. Smell argillaceous. Water in which it is agitated 
a “one alkaline. . Before the blow-pipe, melts into a 
; greenish white enamel. When calcined, loses 0.06 of 
its weight, and becomes reddish. It is composed of | 
: 56 silica 
18 alumina 
8 potass Ne 
3 lime 
4 oxides of iron and manganese . 
6» water 


95 t 
. Genus X. Sac. 
(Sp. 1. Emerald ¢. 
This stone has hitherto been only found crystallized, 


*® Four. de Mix. No. AXXIX. Ty + Vauquelin, “four, de Phys. li. 245. 
 ¢ Kirwan, 1 247. and 248.—Dolomieu, Magazin Eacyslopedique, i. 7. 
ie and 145.3 and Four. de Min, No, xviii, 19.—Klaproth’s Beitrage, it, 12. 
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The primitive form of its crystals is a regular isisideell a 
prism; and the form of its integrant molecules is a tri- © 4 
angular prism, whose sides are squares, and bases equila- | 
teral triangles *. ‘The most common variety of its cry- 
stals is the regular six-sided prism, sometimes with the 
edges of the prism, or of the bases, or the solid angles, _ J 
or both wanting, and small faces in their place +. The | q 
sides of the prism are generally channelled, ’ 
Its texture is foliated. Its fracture conchoidal. : 
Lustre usually from 3 to 4. Transparency from tw 4. 4 
Causes a double rafraction. Hardness 12. Specific 
gravity 2.65 to 2.775. Colour green. Becomes elec- id 
tric by friction, but not by heat. Its powder does not | 
phosphoresce when thrown on a hot iron t. At 150° 
Wedgewood it melts into an opaque coloured mass. 
According to Dolomieu, it 1s fusible per se ei the oe 
pipe §. Lo 4 
‘This mineral was formerly subdivided i into two distinct 
species, the emerald, and Lery/ or agua marina. Hauy 
demonstrated, that the emerald and beryl corresponded _ 
exactly in their structure and properties sand Vauquelin 
found that they were composed of the same ingredients: 
henceforth, therefore, they must be considered as va- 
rieties of th same species. | | 
The variety formerly called emerald varies in colour — 
from ‘the pale to the perfect green.’ It comes chiefly 
from Peru; some specimens have been brought from 
Egypt. Dolomieu found it in the granite of Elba. 
When heated to 120° Wedgewood, it becomes: b/ue, 


re 


a we ee cree err 


* Hauy, Four. de Min. No. xix. 72.4 
+ Romé de Lisle, ii. 445. and Hauy, ibid. 
$ Dolomieu, Four. de Min. No, xviii. 19. § Ibid. 


EMERALD—EUCLASE. _ 4y5 


Beis : 
but recovers its colour when cold. A specimen, ana- a 
lysed by Vauquelin, was composed ey ae Species TE. 
} . 


‘ 


64.60 silica, 
4.00 alumina, 
13.00 glucina, ' 
3.50 oxide of chromum, 
2.56 lime, 
e 2.00 moisture or other volatile ingredient. 


99.66 * 

The bery/ is of a greyish green colour, and sometimes Beryl. 
blue, yellow, and even white : somtimes. different co- 
lours appeat in the same stone {. It is found in Ceylon, 
different parts of India, Brazil, and especially in Siberia — 
and Tartary, where its crystals are sometimes a foot 
long {. A specimen of bery!, analysed by Vauquelin, 
contained 69 _ silica, wisps 
i 13 alumina, 

. . rt 16 glucina, 


a5 


99-5 § | 
It was by analysing this stone that Vauguelin disco- 
vered the earth which he called glucina. 


Sp. 2. Euclase. 

This stone, which has lately been brought from Peru 

by Dombey, was at first confounded with the emerald 

on account of its green_colour. The primitive form of 
its crystals is a rectangular prism, whose bases are : 
squares. It is very brittle 5 suiliciently hard toe scratch 


* Ann. de Chim. xxvi.264. a Dolomicu, ibid,  F Thid. 
§ Ann. de Chim, xxviii. 168. . 


Properties. 


tain. 


- terminated by four-sided pyramids, intersecting each 


SIMPLE STONES. 


quartz. ‘Transparency considerable. Causes double — 
refraction. | Specific gravity 3.0625. Fusible by the ; 
blow-pipe into a white enamel. A small specimen, 
analysed by Vauquelin, yielded the following meh | 
dients, «ec Pie Wh, 96 teiliga 

| 23 alumina 7 ei 

15 glucina 

7 5 oxide of iron 


79" | 2 he 
The loss, which amounts to 21, was probably owing to a 
the presence of an alkali, which the smallness of the 
specimen analysed did js permit Vauquelin to ascer- 


Genus XI. San. 
Sp.1. Staurolite +. 
Andreolite of Lametherie and Hauy—Hyacinthe blade 


cruciforme, var. g. of Rome de Lisle. * 


* 
aa 
eat 


This stone has been found at Andreasberg in the 
Hartz. It is crystallized, and the form of its crystals x 
has induced mineralogists to give it the name of cross- / 3 
stone. Its crystals are two four-sided flattened prisms, a 


other at right angles ; the plane of intersection passing _ 
longitudinally through the prisms t. : 
its texture is foliated. Its lustre waxy, 2. Trans- 
parency from 1 to 3. Hardness 9. Brittle. Speci- 
fic gravity 2.355 to2.361. Colour milk white. When 
heated slowly, it loses 0.15 or 0.16 parts of its weight, — 
and fails into powder. It effervesces with. borax and 


ee 


* Four. de Phys. lit. 317. ‘ ¢ Kirwan, i. 282. 
t See also Gillot, Four. de Phys. 1793, p.1.and 2% | 


STAUROLITE—-CHRYSOBERYL. 4 774 


ynicrocosmic salt, and is reduced to a greenish opaque Genus XIt 
f mass. With soda it melts into a frothy white enamel. Stee. 
t ‘When its powder is thrown on a hot coal, it emits a . 
eacemial yellow light*. 
A specimen analysed by Westrum was compared of 
. __. 44 silica  Composi- 
20 alumina oe 
20 barytes 


16 water 


roo 


_ » Kiaproth found the same ingredients, and nearly in 
the same proportions. | 

A variety of staurolite has been found only once; Varicty. 
which has the following propetties. 

Ats lustre 1s pearly, 2. - Specific gravity 2,361. Co- 
Jour brownish grey. Wath soda it melts into a purplish 
~ and yellowish frothy enamel. It is composed, according 
to Westrum, of * 47.5 silica 

12.0 alumina 
20.0 barytes 
16.9 water 
h 4.5 oxides of iron and manganese 


100.0 | 
Genus XII. 1. Ast. 
Bem Sp. 1. Chrysoberylf{. 
“Oriental chrysolite of jewellers— Cymophane of Hauy— 
Chrysépal of Delametherie. 
Hitherto this stone has been found only ir in Brazils the 


* Hauy, Four. de Min. No. xxviii. 280. + Beitrage, ii. 80. 
+ Kirwan, i. 261. 
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island of Ceylon, and as some affirm near Nortschink 
in Siberia. Werner first made it a distinct species, and 
gave it the name which it now bears. It is usually . 
found in round masses about the. size of a pea, but it is 
sometimes also crystallized. The primitive form of its 
crystals is a four-sided rectangular prism, whose height 
is to its breadth as 1/3 to 1, and to its thickness as V2 
to1. The only variety hitherto observed is an eight- 
sided prism, terminated by six-sidedsummits. Two of 
the faces of the prism are hexagons, two are rectangles, 
and four trapeziums ; two faces of the summits are rect- 
angles, and the other four trapeziums. Sometimes two 
of the edges of the prism are wanting, and small faces 
in their place. | 

Its texture is foliated. Lamine parallel to the faces 
of the prism. Lustre 3 to 4. Transparency 3 to 4. 
Causes single refraction. Hardness 12. Specific gra- 
vity from 3.698 + to 3.7964. Colour yellowish green, . _ 
surface sparkling. It is infusible by the blow-pipe per 
se, and with soda. | 

A specimen of chrysoberyl, analysed by Klaproth, 
was composed of 41.5 alumina 

18.0 silica . 
6.0 lime 
1.5 oxide of iron 


97.0§ 
Genus XII. 2. sat. 
Sp. 2. “Hyalitel. 
This stone is found frequently in trap. It occurs 
in grains, filaments, and rhomboidal masses. Texture fo- 


 #* Hany. Jour. de Min. No. xxi. 5. + Werner. } Havy 
§ Beitrage, i, 102. | Kirwan, i, 296, i 
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- [ae Toa | ws 
_ diated. Fracture uneven, inclining to conchoidal. Lustre ee ian We 


 glassy*, 2 to 3. Transparency 2 to 33 sometimes, tho’ Species IIL i 
seldom, it is opaque. Hardness 9. Specific gravity ar i ia He i 
2.11+. Colour pure white. Infusible at 150° Wedge- : a 4 
wood; butit yields to sodat. According to Mr Link, ye, 
 itiscomposed of 57 silica | i" 
mr 18 alumina 
i; 15 lime 4 
‘ go and a very little iron § ; | 
Sp. 3- Fedelite |I- F ? 


_ This stone has hitherto been found only in Sweden 
at Mosseberg and Aidelfors. From this last place 
| Mr Kirwan,-who first made it a distinct species, has 
~ given it the name of zdelite. It was first mentioned 
{ by Bergman q. Its form is tuberos¢ and knotty. Tex- 
’ ture striated ; sometimes resembles quartz. -Lustre 
_ from oto I. Specific gravity 2.515 alter it has ab- 
_ sorbed water **. Colour light grey, often tinged red ; 
also yellowish brown, yellowish green and green. Be- 
' fore the blow-pipe it intumesces and forms a frothy — 4) 
_ mass. Acids convert it into a jellytt. A specimen | a 
7 from Mossebetg, analysed by Bergman, contained | m , 
z= , 6g silica 
| 20 alumina 
4 que | 8 lime 


3 water 
100 tt 


bs, * Hence probably the name Syalite, which was imposed by Weetter 

from ‘varie glass, and aifog a stone. 

“+ Kirwan. } Id. { Crell’s Annals, 1790, 2 Band. 232. 
{| Kirwan, i. 276. @ Opuse. vi. 101. #. 

_ *#* Kirwan, i. 276. tt Bergman, ili. 227. tt Opuse. vi. 10K. 
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os 3 OA specimen ahs Zi:delfors yielded to the sane Pi oN 
tder k.. ' . 


& - mist e rey e 8 © © & @ 62 silica 
: | 18 alumina 


16 lime 


a | 4 water ie: | 
Ioo* | , % 

Py 

Sp. 4. sedate’ Se - 


This mineral has been found at Arendal in Norway. 
It is of a pearl white colour, and is cry stallized in long 
rectangular prisms. Its specific gravity is Ses and. : 
Bt is hard enough to scratch glass. | om wt 
According to Abelgaard, it is nes of 

38 silica 
30 alumina 
‘ . =seurlime “pF | 
| | I oxide of iron Dasaat 
2 water, ) 


95.4 | 4 

| Genus. XII. 3. sAaWL.. \, oie 

Sp. 5. : Zeolite tf. » 

| This stone was first described by Cronstedt in athe F 

Stockholm Transactions for 1756. Itis found some- — 

€rystals. times amorphous and sometimes crystallized. The pri- — 

mitive form of its crystals isa rectangular prism, whose — 

bases are squares. The most common variety is a long — 
four-sided prism, terminated by low four-sided pyra- 


i ; > cia 


mids §. 


¥ Opusc. vi. IOI. t Four. de Phys. lit. 33. 

eee + Kirwan, i. 278.—Guettard, iv. 637.—Bucquet, Mem. Sav. 

| ix. 576.—Pelletier, four. de Phys. 3%. 420, ie 
§ Hany, Four. de Mia. No. xiv. 86. 


¢ 


ZEOLITE—STILBITE. ae 481 | 


Its texture is striated or fibrous. Its lustre is silky, igs? a. 
re . 3 tor. Transparency from 2 to 4; sometimes Species VI. 
“x. Hardness 6 to’ 85; sometimes only 4. Absorbs eee, 
water. Specific gravity 2.07 to 2.3. Colour white, 
often with a shade of red or yellow ; sometimes brick 
red, green, blue. When heated, it becomes electric like 
the tourmaline *. Before the blow-pipe it froths}, e- 
. mits a phosphorescent light, and melts into a white se- 
| mitransparent enamel, too soft to cut glass, and soluble 
in acids. In acids it dissolves slowly and partially with- 
out effervescence; and at last, unless the quantity of h- 
quid be too great, it is converted into a jelly. 
A specimen of zeolite}, analysed by Vauquelin, con- 
S stained ps ssc Lee .ug3200 silica 
ft! 27.00 alumina 


Composi- = 
tion. 


ae 9.46 lime. 
¥ 10.00 water 


9.46 § 
Sp. 6. Stilbite. 

y This stone was first formed into a distinct species by 

Mr Hauy. Formerly it was considered as a variety of 

zeolite. | 
| The primitive form of its crystals is arectangular Crystals, 
_ prism, whose bases are rectangles. It crystallizes, some- . 
4 _times in dodecahedrons, consisting of a four-sided prism 


* Hauy, Four: de Min. No. xxviii. 276. 

+ Hence the name zeolite, given to this pen by Cronstedt ; fromr . 
P Sew to ferment, and rriog @ stone. 

_ $ Dr Black was accustomed to mention, in the course of his lectures, 
that Dr Hutton had discovered so/e in zeolite. ‘This discovery has not. 
hitherto been verified by any other chemical mineralogist. 

— § Four. de Min. No. xliv. 576. 


‘Vor. II. | ee. Te 


rat 
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with hexagonal faces, terminated by four-sided sum- 
————._ «mits, whose faces are oblique parallelograms ; some- 
times in six-sided prisms, two of whose solid angles ane 
wanting, and a small triangular face in their place »e 
Propertics. | Its texture is foliated. The laminz areseasily sepa- 
rated from each other, and are somewhat flexible. 
Lustte pearly, 2 or 3}. Hardness inferior to:that of 
zeolite, which scratches stilbite. Brittle. Specific gra- 
_wity 2.500. Colour pearl white. Powder bright white, 
sometimes with a shade of red. This powder, when ex- 
posed to the air, cakes and adheres as if it had absorb- 
ed water. It causes syrup of violets to assume a green 
colour. When stilbite is heated in a porcelain crucible, 
it swells up and assumes the colour.and semitransparen- 
cy of baked porcelain. By this process it loses 0.185 
of its weight. Before the blow-pipe it froths like bo- 
rax, and then melts into. an opaque white coloured en- 
amel §. 
According to the analysis of Vauquelin, it is-com- 
Composi- posed of ..... « 52.0 silica 
wiias 24.5 alumina 
g.o- lime 
18.5 water 


97-04 
Sp.4.  CGhabasie. 
This mineral, which was first separated from the suc- 
ceeding species ahs Bose d’Antic and Hany, is found at 


* Hauy, Four de Min. No. xiv. 86.° . 

+ Hence the name.given to this mineral by Hauy ,stilbite from ¢lirSa 
to shine. 

} Harty, Ibid. No, xxviii. 276. § Vauquelin, Ibid. Neils 161. 

q Ibid, 164. . 


* 


peo ANALCIME-—LAZULITE. ; 483 
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Oberstein in Germany. © It has a white colour, and la- a 
minatéed texture. The primitive form of its crystals is SpeciesIX. 
a thomboid slightly obtuse. Specific gravity 2.4170. 
Scarcely scratches glass. ) 
L, ; Sp. 8. Analcime. 
This stone, which was discovered by Mr Dolomien, 
is found crystallized in the cavities of lava. It was first 

made a distinct species hy Mr Hauy. Mineralogists 
had formerly confounded it with zeolite, 

The primitive form of its crystals is a cube. It is Crystals, 

~ sometimes found crystallized in cubes, whose solid an- 
gles are wanting, and three small triangular faces in 
place of each; sometimes in polyhedrons with 24 faces. 

It is usually somewhat’ transparent. Hardness about fe 
8; scratches glass slightly. Specific gravity above 2. 
When rubbed, it acquires only a small degree of electri- 
city, and with difficulty *. Before the blow-pipe it melts 
withdut frothing into a white semitransparent glass f. 


Genus XII. 4. SLA. 
Sp. 9. Lazulite f. 

This stone, which is found chiefly in the northern 
parts of Asia, has been long known to niineralogists by 
the name of /apis lazull. This term has been contract- 
ed into Jaxulite by Mr Hany; an alteration which was 
certainly proper, and which therefore I have adopted. . 

Lazulite is always amorphous. Its texture is earthy. Properties, 
Its fracture uneven. Lustre c. Opaque, or nearly so. 


Hardness 8 to 9. Specific gravity 2.76 to 2.945 §. Co- 
: \ 


ce ee 


*® Hence the name analcime given it by Hauy, from avers weak, 
4 Hany, Four. de Min. No. xiv, 86. and xxviii. 278. 
$ Kirwan, 1.283. § Brisson. 


Hh2 


Composi- 
tion. 


Crystals. 


SIMPLE STONES. — 


lour blue * ; often spotted white from specks of quartz, 
and yellow fii particles of pyrites. 

It retains its colour at 100° Wedgewood ; ina high- 
er heat it intumesces, and melts into a yellowish black 
mass. With acids it effervesces a little, and if previ- 
ously calcined, forms with them a jelly. 

' Margraff published an analysis of lazulite in the Ber- 
lin Memoirs for 1758. His analysis has since been 
confirmed by Klaproth, who found a specimen of it to 
contain? 82!) 2 eg he siliea 

14.5 alumina 

28.0 carbonat of lime 
6.5 sulphat of lime 
3-0 oxide of iron ‘ 
2.0 water 


100.0+ 
From,the experiments of Morveau, it appears that 
the colotring matter of lazulite is sulphuret of iron, 


Genus XIII. Satt. 
Sp. 1. Garnett. 


This stone is found abundantly in many mountains. 


ee ee a 


It is usually crystallized. The primitive form of its 
crystals is a dodecahedron whose sides are rhombs, with 
angles of 78° 31’ 44”, and 120° 2816". The inclina- 
tion of the rhombs to each other is 120°. This dode- 


f 


* Hence the name /a eulith, from an Arabian word azul, which signi- 
fies blue. 

+ Beitrage, i. 196. . 

+ Kirwan, i. 258.—Gerhard, Disquisitio Physico-chymica Gast tt 
&c,—Pasumot, Four. de Phys. iii, 442.— Wiegleb, Ann, de Chim.i 23%. 


“" ae 
é 


GARNET. 


cahedron may be considered as a four-sided prism, ter- 
minated by four-sided pyramids *. It 1s divisible into 
four parallelopipeds, whose sides arerhombs; and each 
of these may be divided into four tetrahedrons, whose 
sidés are isosceles triangles, equal and similar to either 


of the halves into which the rhomboidal faces of the do- 


decahedron are divided by their shorter diagonal. The 


integrant molecules of garnet are similar tetrahedrons ft. 
Sometimes theedges of theidodecahedron are wanting, 


and small faces in their place ; and sometimes garnet is 


crystallized in polyhedrons, having 24 trapezoidal faces. 
For a description and figure of these, and other varieties 
of garnet, the reader is referred to Rome de Lisle and 
Hauy f. 

The texture: of garnet, as Bergman first shewed, is 
foliated §. Its fracture commonly conchoidal. Inter. 
nal lustre from 4to2. Transparency from 2 to 4; 
sometimes only 1 or o. Causes single refraction ||. 
Hardness from’ 10 to 14. Specific gravity 3.75 to 
4.188. Colour usually red. Often attracted by the 
magnet. Fusible per se by the blow-pipe. 

Variety 1. Oriental garnet **.-Internal lustre 3 to 
4. Transparency 4. Hardness 13 to 14. Specific gra- 


vity 4 to 4.188. Colour deep red, inclining to vio- 


let ++. 


ae ewe ea 


_- ® Romé De Lisle, ii. 322. and Hauy, ‘An. de Chim. xvii. 305." 
+ Hany, Ibid. 306. t Ibid. | § Optse. ih. 9, 
|| Hauy, Four. de Min, No. xxviii. 260. 

** This seems to be. the carbuncle (av3 jeak) of ‘Theophrastus, and the 
carbunculus garamanticus of other ancient writers.—See Hill’s Theophrastus, 
apt Aidav, Pp. 74. and 77. 

tt Hence, according to many, the name garnet (in Latin granatus ), from 
the resemblance of the stone in colour to the blossoms of the pomegranate, 
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Class I. 
Order (. 
jee nites 


Composi- 
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Variety 2. Common garnet.—Fracture uneven, ine 
clining to the conchoidal. Internal lustre 2 to 3: Trans 
parency from 3 too.) Hardness 10 to: 113 Sometimes 
ouly g.. Specific gravity 3.75 to4. Colour commons 


ly deep red, inclining to violet: sometimes verging to+ 


wards black or olive; sometimes leekagreen, brown, 
yellow. ib. 2) 
Variety 3. Amorphous garnet.—sStructure slaty. ‘Lus- 
tre 2,. Transparency 2 to 1. Hardness 11 to 12. Spee 
cific gravity 3.89. Colour brownish or blackish red. 
Found in Sweden, Switzerland, and the East Indies. . 
A specimen of oriental garnet, analysed by Klaproth, 
Goittained . . . 2. . 35.75 silica : | 
; 27.25 alumina 
36.00 oxide of iron 
0.25 oxide of manganese. 


| 


99-25, ™ 
A specimen of red garnet, analysed by aga 


contained .. . . . + 52.0 silica 
20.0 alumina 


\ Py 
17.0 oxide of iron 
4.4 lime | 


96.74 
Sp.2. Pyrop. 


This mineral, which is found in Saxony and Bohemia, 


has been lately separated from the garnet by Werner, © 


and made a distinct species. It is never found crystal- 
lized, but only in round or angular fragments, usually 
Se a > , 


* Beitrage, ii. 26. + Four. de Min, No.xliv. 575. 


MELANITE=THUMMERSTONE. ) 4S% 
: 


small. Colour deep ted *, which passes to’ orange Sj pat 
G “ “d , Ailes = 
when the mineral is exposed to the sum. Very hard. Species IV: 


‘ 
‘. 
‘ 


a Specific gravity unknown. Fracture conchoidal, and: 
very brilliant +. ia . 8 me 
: | Spex Melanite.. | ny _ 
_. This mineral was formerly confounded. with the 
_ garnet. It is found: at Frascati in‘ Italy, gtuck in lava. 
_ It is of a black colour, and crystallized like the garnet, 
in a dodecahedron, having its edges truncated: ‘This’ 
j mineral was analysed: by Vauquelin, and yielded 
. : 43 silica : 
b 4 16 alumina 
. zo lime ee 
ry : 16 oxide of iron 
7 4 Moisture 

o 99 t 

Sp. 4. Thummerstone §. ‘ 


Yanolite of Lametherie—Awinite of Hauy. 
This stone was first described by Mr Schreber, who History. 
found it near Balme d’Auris in Dauphine, and gave it 
the name of bor! violé ||. twas afterwards found near 
Thum in Saxony, in consequence of which Werner 
called it chummerstone. 
It is sometimes amorphous; but more commonly Crystals. 
crystallized. ‘Fhe primitive form of its crystals 1s a~ 
rectangular prism, whose bases are parallelograms with 
F angles of 101° 32 and 78° 28’ 4. ‘Phe most usual va- 


Tc cece ee ee RE, 


' #* Hence the name rupal. ¢ four. de Phys. lit 227. 

+ Four.de Min. No. xliv, 573» a 

§ Kirwan, i.273.—Pelletier, Four. de Phys. xxvi. 66. 

|| Romé De Lisle, ii. 353. "4 Hany, Four, de Min. No. xxviii, 2640 
Hh 4 
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pres 4 riety is a flat rhomboidal parallelopiped, with two of its 
———_ opposite edges wanting, and a small face in place of 
each *. The faces of the panatiniopiped are rei 
streaked longitudinally. . 
Properties | The texture of thummerstone.is foliated. Its Pai 
conchoidal. Lustre 2. ‘Transparency, when crystalli- 
zed, 3 to 43 when amorphous, 2'‘to 1. Causes simple 
refraction}. Hardness 10 tog. Specific gravity 3.2956. 
Colour clove brown; sometimes inclining to red, green, 
grey, violet, or black. Before the blow-pipe it froths 
like zeolite, and melts into a hard black enamel. With 
borax it exhibits the same phenomena, or even when 
the stone is simply heated at the end of a pincer. +. 
A specimen of thummerstone, analysed by Klaproth, 
Composi- contained ..., . 52.4 silica 
bd 25.6 alumina 
9-4 lime | _« 
9.6 oxide of iron with a trace of 
——— . manganese 
97-3 9 | : 
A i ea ahi analysed by Waynes contained . 
44 silica 
18 alumina 
19 lime 
14 oxide of iron 
4 oxide of manganese 


Pena weaned 


99 Il 
* Romé De Lisle, ii. 353. + Hauy, Jour.de Min. xxviii. 264, 
} Vauquelin, Four. de Min. No. xxiii. 1. § Beitrage, ii, 126, ~ 
\| Four.de Min, ibid. , 
f 


J 


- PREHNITE. 


p Sp.oy»Prehnite™, 

Though this stone had been mentioned by Sage 4; 

Rome de Lisle t, and other mineralogists, Werner was 

_ the first who properly distinguished it from other mine- 
rals, and made it a distinct species. The specimen 
which he examined was‘brought from the Cape of 
Good Hope by Colonel Prehn; hence the name preb- 
nite, by which he distinguished it. “It was found near 
Dunbarton by Mr Grotche § ; and since that time it 

has been observed in other parts af Scotland. 

‘oItis both amorphous and crystallized. The crystals 

are in. groups, and confused: they seem to be four- 

sided. prisms with dihedral summits ||. Sometimes they 
are irregular six-sided plates, and sometimes flat rhom- 
boidal parallelopipeds. 

Its texture is foliated. Fracture uneven. Internal 
lustre pearly, scarcely 2. Transparency 3 to 2. Hard- 
ness g to 10. Brittle, Specific gravity 2.6969 4. Co- 

Jour apple green, or greenish grey. Before the blow- 
. pipe it froths more violently than zeolite, and melts into 
a brown enamel. A specimen of prehnite, analysed by 
Klaproth, was composed of 
43-83 silica 
30.33 alumina 
18.33 lime 
| 5.66, oxide of iron 
P 1.16 air and water 


ae 


90.31." 


% Kirwan, i. 274—Hassenfratz, Four. de Phys: xxxii. $1.—Sage, ibid. 
xxxiv. 446.—Klap. Beod. der Berl, 2 Band. 211.; and Aun, de Chim. i. 201. 
+ Minervi. 232. | f Crystallog. it. 275. 
§ Ann. de Chim. i. 94% | Hauy, Four. de Min. No. xxviii. 277, 
_ § Hauy, ibid. ¥E Ann, de Chim.i. 208. 


489 
Genus XT 
SALI. 
Species V. 
ees pean 

History. 


aa 


Crystals, 


Properties, 


Composie. 
tion. 


. Crystals. 


Properties. 


SIMPLE STONES. 


Whereas Mr Hassenfratz found in another — 
g0.0 silica 

? 20.4 alumina 
23.3 lime 

4.9 iron | 

-Q water “ 

+5 magnesia 


300.0 * 


Sp. 6.  Thallite. . 
Green shor] of Dauphiné of De Lisle 4—Delpbinite of 
Saussure. 
, This stone is found in the fissures of mountains; and 
hitherto only in Dauphiné and on Chamouni in the Alps. 
It is sometimes amorphous, and sometimes crystalli- 
zed.. The primitive form of its crystals 1s a rectangu- 
Jar prism, whose bases are rhombs with angles of 174° 
34’, and 65° 23'{. The most usual variety is an elon- | 
gated four-sided prism (often flattened), terminated by 
four-sided incomplete pyramids ; sometimes it occurs in 
regular six-sided pene §. sh wise are often very 
slender. We 
Its texture appears fibrous.» Lustre inconsiderable. 
Transparency 2 to 3, sometimes 43 sometimes nearly 
opaque. Causes single refraction. Hardness 9 to 1¢ 
Brittle. Specific gravity 3.4529 to 3. 46. Colo 
dark green |}. Powder white or yellowish green, and 
feels dry. It does not becomé electric by heat. Be- 


# Ann, de Chim. iv 208. and Four. de Phys, No. xxxii. 81. 

+ Crystallog. it. 40%. 

$ Hauy, Your. de Win. No. EXVili. 271. fi (. 

§ Romé de Lisle, ibid.and Hauy, ‘four. de Min, No. £"x. 435. 

jj Hence the name Zallite, given it by Lametherie, from @aAnos, ¢ 


green leaf, 


/ ‘ 
fore the blow. -pipe, froths and melts into a black slag. - | waren 


AMS. 
With borax melts into a green bead *. beater: 


: ae THALLITESSKORZA, | Agh 
. 
f 
‘ ereeetomy pamencml 


“A specimen of thallite, analysed by Mr Descotils, 
h . Conteinedis: 4..)4¢.037 . diliva Composiy — 
it m ° tion, t. 
27 alumina Ni 7 : 
17 oxide of iron. 
14 lime 


- 4 ! 1.5 oxide of manganese 


Y 
95:5 t 
Sp. 7. Skorza. 
i This is a green coloured mineral, whose specific gra- 
: vity is 3.35. Klaproth found it composed of 
i 43.00 silica 
21,00 alumina 

14.00 lime 

16.50 oxide of iron 

0.25 oxide of manganese 


94-75 ¢. 
Genus XIV. 1. Ams. 
Sp. 1. Cyanite§. 
Sappare of Saussure, 
This stone was first described by Mr Saussure isis 
son, who gave it the name of sappare|. It is common- 
ly found in granite rocks. ‘The primitive form of its Crystala. 
crystals is a four-sided oblique prism, whose sides are 
inclined at an angle of 103°. The base forms with one 


4 ~ #*/Havy and Descotils, Four. de Min, No. xxx. 41. . 

+ thid. No. xxx. 420. { Four. de Phys. li, 39. 
§ Kirwan, i. 209.—Sage, Four. de Phys, xxxv. 39. 

|] Four, de Phys, XXXIV. 213. 


Class I. 
Order LE 


Properties, 
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‘side of the prisman angle of 103°3 with another, en angie 


of 77°. It is sometimes crystallized in six-sided prisms* . 
Its texture is foliated. Lamine long. Fragments 


long, splintery. Lustre pearly, 2 to 3: 


of the lamine 3. Causes single refraction + 
6 to g. Brittle. Specific gravity from 3.092 to 3. 6224. 
Colour milk white, with 
shades of sky or prussian blue§; sometimes bluish 
grey ; sometimes partly bluish grey, partly iti 


Feels somewhat greasy. 


or greenish grey. 


Transparency 
. Hardness 


Before the blow-pipe it becomes almost perfectly 


white, but does not melt. 
Saussure, itis composed of 66.92 alumina 
13.25 magnesia 


According to the analysis of | 


12.81 silica 
5.48 iron 
ors polime 


100.17 |. 


Caiasihe has also been analysed by Struvius and Her- 
mann, who agree with Saussure as to the ingredients ; 
but differ widely from him and one another as to the 


proportions. 
Struvius. 
Riga 
30:5. 


SLi5see 


SLOW she 
4.0.-+ 


96.5 4 


—————— 


* Hauy, Jour. de Min. No. XXVili. 282. + Hauy, Ibid. 


e 


Hermann. 

. 30 alumina 
. 39 magnesia 
. 23 silica 

. 2 iron 

. ~ag lime 


o7 ** 


§ Hence the name cyanite, imposed by Werner. 


q Four. de Phys, XXxiv. 213. 


q Crell’s Annals, 1790. 


} Kirwan. 


** Vbid, 
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| Sp. 2. Serpentine*. wale Species I. 
; ‘This stone is found in amorphous masses. Its frac- Pe 
ture issplintery. Lustre o. Opaque. Hardness 6 to : 
: 4. Specific gravity 2.2645 to 2.709. Feels rather 
; soft, almost greasy. Generally emits an earthy smell 
__ when breathed upon. Its colours are various shades of 
green, yellow, red, grey, brown, blue: commonly one _ 
i or two colours form the ground, and one or more ap~ 
spear in spots or veins f. | 
: Before the blow-pipe it hardens and does not melt. 
‘ A specimen of serpentine, analysed by Mr Chenevix, 
i contained ... .¢ magnesia : , Composi-« 
1 fy , ies tion. 
4a 28.0 silica 
a / 23.0 alumina 
‘ e . 
4.5 oxide of iron 
0.5 lime 
1o.5 water 
101.0f 
4 Genus XV... Msat. 


- 


hi Sp. 1. Potstone}. | 
This stone is found in nests and beds, and is always Propertics, 
_. amorphous. Its structure is often slaty. Texture un- : 
% _dulatingly foliated. Lustre from 1 to 3. Transpa- 
rency from 4 to 0; sometimes 2. Hardness 4 to 6; 


———— 


* Kirwan, i. 156.—Margraff, Mem. Berlin, 1759, Ps 3.—Bayen, Fours 
de Phys. xiii. 46.—Mayer, Crell’s Annals, 1789, tis 416. 
+ Hence the name serpentine, given to this stone from a supposed re- 
semblance in colours to the skin of serpent. 


¢ Ann.de Chim. XXVill. 199s § Kirwan, i. 155+ 


Composi- 
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Brittle. Specific gravity from 2.8531 to 3.023. Feels 
greasy. Sometimes absorbs water. Colour grey with 
a shade of green, and sometimes of red or yellow; some- 
times leek green; sometimes speckled with red. 
Potstone is not much affected by fire; and has there. 
fore been made into utensils for boiling water ; hence 
its name. sari 
According to Wiegleb, the potstone of Gomo contains 
38 magnesia 
38 silica 
4 alumina 


5 iron 
1 carbonat of lime 
I fluoric acid : 


99 
&p. 2. Chiorite*. 

This mineral enters as an ingredient into different 7 
mountains. It is sometimes amorphous, and sometimes 
crystallized in oblong, four-sided, acuminated crytals. 

Its. texture 1s foliated.. Its lustre from oto2. O- 
paque. Hardness from 4 to 6; sometimes in loose 
scales. Cclour greeny | NM | 

Variety 1. Farinaceous chlorite. ——Composed of 
scales scarcely cohering, either heaped together, or in- 
vesting other stones,. Feels greasy. Gives an earthy 
smell when breathed on.. Difficult to pulverise. Co- 
lour grass green; sometimes greenish brown; some- | 
times dark green, inclining to black. Streak white. 
When the powder of chlorite is exposed to the blow- 


* Kirwan, i. 147. ; 


i 


CHLORITE. 


A specimen of the second variety, analysed by the 
same chemist, contained : 


#% Vauquelin, Four. de Min No, xxxix. 167, 
+ Ana. de Chim. xxx. 106. 
¢ Saussure’s Voyages, il. 133. 


- 


Composi- 
tion, © 


pipe it becomes brown. Before the blow-pipe, farina- 
ceous chlorite froths and melts into a dark brown glass; 
with borax it forms a greenish brown glass*. 

Variety 2. AIndurated chlorite.—This variety 1s cry~ 
stallized. Lustre 1. Hardness 6. Feel meagre. Co- 
lour dark ereen, almost black. Streak mountain green. 

Variety 3. Slaty chlorite—Structure slaty. Frag- 
ments flatted. Internal lustre 1 to 2. Hardness 5. 

Colour greenish grey, or dark green inclining to black. 
Streak mountain green. : 
A specimen of the first variety, analysed by Vauque- 
lin, contained .. .. 4 3.3 oxide of iron 
26.0 silica 
15.5 alumina 
8.0 magnesia i 
|. | 2.0 muriat of potass 
4.0 water 
98.8 + 
A specimen of the same variety yielded Mr Hepner. 
12.92 oxide of iron 
37.50 silica 
4.17 alumina 
43.75 magnesia ‘ 
1.66 lime 
100.00 - 


i Class 1. . . | 30.15 oxide of iron ~ 
Order I. Bo 
Ct et i: ey 41.15 silica 
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6.13 alumina 
39-47 magnesia 

1.50 lime 

1.50 air and water 


999* | tl 


On the supposition that these analyses are accurate, 
the enormous difference between them is a demonstra- 


tion that chlorite is not a chemical combination, but 2 


mechanical mixture. 


Genus XVI. Sram. 
Sp. 1. Siliceous spar. 

This stone has been found in Transylvania. It is 
crystallized in four or six-sided prisms, channelled trans- 
versely, and generally heaped together. Its texture is 
fibrous. Its lustre silky, 2. Its colours white, yellow, 
green, light blue. According to Bindheim, it contains 

61.1 silica | 
21.7 lime 

6.6 alumina 

5.0 magnesia 

1.3 oxide of iron 

3-3 water. 


99:0 T 
Grynus XVII. 2. SAMLI. 
Sp. 1. Argillite tf. 
Argillaceous shistus—Common slate. 


This stone constitutes a part of many mountains. 


es 


* Crell’s Annals, 1790, p. 56. + Berg, vi. 104. ¢ Kirwan, 1.234. ~ 


SMARAGDITE. 


ts structure is slaty. Its texture foliated. Fracture 
tery. Fragments often tabular. Lustre most com- 
be only silky, 2 ; sometimes 0. Transparency from 0 to 
fx. Hardness from 5 to 8. Specific gravity from 2.67 
to 2.88. Does not adhere to the tongue. Gives a clear 
sound when struck, Often imbibes water. Streak white 
or grey. Colour most commonly erey, with a shade 
of blue, green, or black ; sometimes purplish, yellow- 
i ish, mountain green, brown, bluish black ; sometimes 
(i striped or spotted with a darker colour than the ground. 
‘a Abi is composed, according to Kirwan, of silica, alu- 
i? ‘mina, magnesia, lime, oxide of iron. In some varieties 


a -derable cabal of carbonaccous matter. 


bps. Aerts XVUI. SLACMI. 
Bi it Sp. t. Smaragdite. 


This stone was called smaragdite by Mr Saussure, 


Never crystallized. Its texture is foliated. Easily di- 
‘vided into plates, The laminz are inflexible. Fracture 
even. Hardness 7. Specific gravity 3. Colour in some 
cases fine green; in others it has the grey colour and 
‘metallic lustre of mica: it assumes ail the shades of co- 
piour between these two extremes *. | } 
According to the analysis of Vauquelin, it is com- 


ae of 


* Hany, Four. de Min. No. xxviti. 272 


the lime is wanting. | Several varieties contain a consi- 


from some resemblance which it has to the emerald. 
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Gen. XVIII. 
SLACMI. 
Species I. 

Kearns peter 


Properties. 


Pw ng ST an 


‘49 8 { f 


‘Class 1. 
Order J 


ai Klaproth, 


’ \ - ; * ; . : pied fish, 5 
\ (Tee aoe MAR ae 
) oF sg MENS STONES. wn 
BIE. DAE oe SOLOS Raia 
hs 13.0 lime | a 


rf.0 alumina. 
4.5 oxide of chromum 
6.0 magnesia 
5.5 oxide of iron 
Ribs) sag of copper 
94-5 * 
Genus XIX. Sm. 
Sp. 1. Kiffekil}.~ 
Myrsen—Seafroth. 
This mineral is dug up near Konie in Natolia, 1C 
is employed in forming the bowls of Turkish tobacco 
pipes. The sale of it supports a monastery of dervi 
ses established near the place where it is dug, vat 
is found in a large fissure six feet wide, in grey ca 
reous earth, ‘The workmen assert that it grows again 
in the fissure }, and pufis itself up like froth §. This ; mi- 
neral, when fresh dug, is of the consistence of wax; it 
feels soft and greasy; its colour is yellows its specific 
gravity 1.600||: when thrown on the fire it sweats, emits 
a fetid vapour, becomes hard, and perfectly white. — 
According to the analysis of Klaproth, it is compos a 
sed of . | 


. 50.50. silica 

17-25 magnesia | ; 
25.00 water 

5-00 carbonic acid | 


.co lime. 


eS a ee eee . 
98.25 J] 
oo 
. : Be i) 
* Ann. de Chim, xxx. 106. + Kirwan’s Miz, i. eS Be 
t Reignegg, Philos. Mag. tii, 165. | , 
§ Hence the name éif-#il, or rather def=selli, “ clay froth, ” or 1 ight clay 
q Beitrage, ii, 17% fie a al 
(gag 
mr » Woe 
ie hea 


a. | STEATITES. 


We uh Sp. 2¢ Steatites:*. 
3 little attention was paid to it by minerdlogists, till Mr 
Pott published his expermients: on it in the Behe Me- 
_ moirs for 1747. 

2 Itis usually amorphous, but sometimes it is erystalli- 
zed i in six-sided prisms. Its texture is commonly earthy, 
“but sometimes foliated. Lustre from o to 2. Trans- 
| parency from o to 2. Hardness 4 to 7. Specific gra- 
' vity from 2.61 to 2.7944. Feels greasy. Seldom ad- 
heres to the tongue. Colour usually white or grey; 
‘ often with a tint “os other colours; the foliated com- 
Be. _ monly green. Does not melt per: se before the blow- 

Pe. : 

Variety 1. Semi-indurated steatites. Texture earthy. 
Br eechice sometimes coarse splintery. Lustre o. Trans- 
_ parency 0, or scarce 1. Hardness 4 to 5. Absorbs 
¢ » water. Takes a polish from the nail. Colour white, 


white ; ; sometimes it contains auneeery = figures ; an 
i sometimes red veins. . 

_ Variety 2. Indurated steatites. Fracture fine splin- 
‘tery, often mixed with imperfectly conchoidal, External 
lustre 2 to 1, internal o. Transparency 2. Often has 
the feel of soap. Absorbs water. Colour yellowish or 


— low or red. 5 ‘ ride 
_ Variety 3. Foliated or striated steatites. The tex- 
ture of this varietyis usually foliated; sometimes striated. 


ced yy 


a * Kirwan, it 51-——Pott. Mem. Berlin, 1747, p. 57.—Wiegleb, Four, 
de Phys. xxix. 60.—Lavoisier, Mem. Par. 1798, 433- 


’ “t Brisson. 
Bit Bs i. 2 


- 


- Though this mineral was noticed bythe ancients, 


"greenish grey; often veined or spotted with deep yel-- 
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GenusXIX. 


SM. 
Species II. 


Properties, 


Varieties. 


with a shade of grey, yellow, or green; sometimes pure _ 


a ote, 


ae ek Mee es - 
‘ . :: “ie , " Sea Sea iTN 

, 2 yah Na PAS, too se aS 

: 255) SA etnies “SIMPLE STONES. gus. 
dg ee sopeh : "Fragments cubifosthediem@e 3- ‘Transparency 1 2 to 1. 
(ae ————_ Hardness 6'to4. Colour leek green, passing 1 into mioun- 
. 3 | tain green orsulphur yellow. Streak pale greenish grey. 
i (2) - Wher heated to redness, it becomes grey; and at 147°. 
"Wedgewood, it forms a grey porous porcelain mass *. 
a Be ns. A specimen of steatites analysed by gti con- 
a tained . mand lene apap eabica AR ae 
i 30.5 magnesia 
AN ; “2.5 iron 
ae | Nt 5.5 water, 

a 98.0 ia aa 
bY pa O48 A specimen of white steatites, analysed by Me he- ; 
me nevix, contained ... 60.00 silica ~ Bea tp a 
i teu Tene 4 e 28.50 magnesia RE: 
a. : 7 3.00 alumina 
i ) 2.¢0 lime | 
| ee, | 2.25 iron 
ae | 96.25 t 
: . : Ee GENUS aon. , Nase 
me | “A Sp. 1. Chrysolite §, 

i Peridot of the French—Topax of the ancients. Alam 
ie The name chrysolite was applied, without dseimina- 

. ‘tion, to a great variety of stones, till Werner defined it 
@ accurately, and confined it to that stone which tt | 
oy | French chemists distinguish by the appellation of pert~ 
i | dot. This stone is the topaz of the ancients 5. t eir 
; i: _ chrysolite is now called topaz ||. *. 
x t 

i le ale lier hee 

fae ; * (irwan, 1.155. ‘f Belteape, 4 ii. 179. { Ann, de Gnieh eh oo 
A § Kirwan, i. 262.--Cartheuser, AZin. 94. Bi a Sour. de Min. 
, v4 . / No. xxix. 365.—La Metherie, Nouv. Four. de Physi 399% el a ht om 
bs \| Plinii, lib, xxvii. c. 8. : ” rhe F 
i (Se a eg Ree e 
ue . 


CHRYSOLITE., ? 


‘ 


 Chrysolite i is found sometimes in unequal Gapments, me. 
$ ° 


Seetals i is a right-angled parallelopiped, whose length, Crystals. 
breadth, and thickness, are as 5, /8, V/ ei / 


ture conchoidal. Its internal lustre from 2 to 4. Its 
"transparency from 4 to 2. Causes double refraction. 
Hardness 9 to 10. Brittle. Specific eravity from 3.265 
to 3. 45. Colour green. It is infusible at 150°, but 
loses its transparency, and ‘becomes blackish grey +. 
With borax it melts without effervescence into a trans- 
“ ent glass of a light green colour. Infusible with 
 microcosmic salt { and fixed alkali §. 
= Variety t. Common chrysolite. Found in Ceylon, Varieties. 
and South America, and in Bohemia, amidst sand and 
gravel ll. Lustre 3 to 4. ‘Transparency 4 to 3. Co- 
dour yellowish green, sometimes verging to olive green, 
_ sometimes: to pale yellow. 
a Variety 2. Olive chrysolite. es q.— Found 


" commonly among. traps and basalts; sometimes in small | 


"grains, sometimes in pretty large pieces; but it has not 
been observed in crystals. Lustre, 2.to,3. -‘Pranspa- 
rency 3 to 2. Colour olive green. 


‘The first variety, according to the analysis of Kia Composi-~ 
_ tion, 


- proth, is composed of 41.5 magnesia 


' 38.5 silica ' 
te oo oe: 19.0, oxide of iron a 
eae one 
we a, |: | noe 
bla Hauy, Four. de Main, No. xxvili. 281. 7 + Kirwan’s Min. i263. 
 $ Vauquelin, Ann. de Chim. xx1. 97. § Kirwan, i. 263. 
i, xf Coquebert, four. de Min, No. xxii. 20. al ‘ 


ee Kirwan, i. 263.—Le Lievre, Four, de Phys. xxx. 397. 
id Bechet: Beitrage, } 1. XORnat | 


Ii 3 


= 
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Genus XX. 


and sometimes crystallized. The primitive form of its Species I. 
anunich saionral 


‘ ‘The texture of the chrysolite is foliated. Its frac- Properties. 


gr 5 magnesia 
‘hea silica 
g.5 oxide of iron . 


U 


99.0 * per ier 

The second variety, according to the analysis of K 
proth, is composed of 37.58 magnesia — 9/1 
50200 silica + SA lo. 
1n7§ oxide of iron) © 


.21 lime 


99:54 

Sp. 2. Jadet, raya 

This stone was formerly called /apis nephriticns, 2 ‘ott 4 
was much celebrated for its medical virtues. Iti isfound © 
in Egypt, China, America, and in the. Siberian 
Hungarian mountains. It is sometimes adhering 

rocks, and sometimes in detached round pieces. ye: 
‘Tts surface is smooth.” Its fracture splintery. Ex. 
ae lustre 0, or scarce 1 ; internal bile ro (‘Tran . 


cific gravity fein 2. 95 to 2. (9830 OE ss ads dill t 
Saussure, to 3.389. Feels greasy. Looks as if it had ad 
imbibed oil, etbae sie leek Bin: or roverging st t 


ish or bluish white. When i: it halen ana 
transparent and brittle, but it 1s infusible per se. “A 
cording to Heepfner, it 1s composed of =, 


* Ann. de Chim. xxi. 97+ > “i + Beitrage, i. 1F4., 
+ Kirwan, i. 171.—Bartolin, De Lapide pirates 


Comm. Petrapel. x. 381.—Heepiner, Hist, Nat, de la Suisse, i, me Me 


* 


2 carbonat of lime 


Bt 


100 


oe et" 
bow a 


- This is the stone which iti sifabhanal of New 
Zealand make into hatchets and other cutting instru- 


ments. : i by 


Genus XXII. Sur. 

Sp. tr. - Ashestus* 

This mineral was well.known to the ancients. They 
even ‘made a kind of cloth from one of the varieties, 
Pecich was famous among them, for its incombustibility. 
it is found abundantly in ‘most mountainous countries, 
bond nowhere more abundantly than in Scotland. — 

It is commonly amorphous. Its texture is fibrous. 
Its fragments often long splintery.. Lustre from o ‘to 
2 ; sometimes 3, and then it is metallic. Transparency 
es oto 2. Hardness from 3 to 7. Specific gravity 
from 2.7 to 0.6806. Absorbs water. Colour usually 
white or green, Fusible per se by the blow-pipe. 

‘ Variety 1. Common asbestus..-Lustre 2 to I. 
pee ry 1. Hardness 6 to 7. Specific gravity 
2.577 to 2-7. Feels somewhat greasy. Colour leek 
h "green; ; sometimes olive or mountain green ; sometimes 
greenish or yellowish grey. Streak grey. Powder 
grey. | 


Be ebel, ch de Phys.i ii, 64.—bid. iti. 367. 
1i4 


GenusX XI. 


id oh x ? 
ie ep of Fj ‘ cay . 
4 al \ is et | Wo , ie 
etal! SAngihesedtna 5 ame oe 
‘yaDpeeASBESinttay .) 
, soy ' 
47 silica ti 
38 carbonat of magnesia pas 
9 iron 
4 alumina ind 


_ * Kirwan, i. 159-—Bergina, iv, 160.—Plot, Péi/.. Trans. x¥. LOSI.— 


SMt. 
Species 1, 


Varieties. 


Comiposi- 
tion. 


I to 2, sometimes o. Hardness 3 to 4. aes 


after absorbing water, from 1.5662 to 2.3803 *. Feels 


SIMPLE STON mt 


, ae 
Variety 2 " Flenible asbestus. Aniiantus—Compo- 


sed of a bundle of threads. slightly coheringes Fibres 
flexible. Lustre 1 to 2, sometimes 3. Transparency 


vity, before it absorbs water, Spa OQ. 9088 to 2.3134; 


greasy. Colour greyish or greenish white ; sometimes 
yellowish. or silvery white, olive or mountain green, 
pale flesh red, and mountain yellow. . . sh 
Variety 3. Elastic asbestus. Mountain conkes 
This variety has a strong resemblance to common “a 
Its fibres are interwoven. Lustre commonly o. Opaque. 
Hardness 4. Specific gravity, before absorbing water. 
from 0.6806, to. 0.9933)3. after absorbing water, from 
1.2492 to 1.3492. Feels meagre. Yields to the fingers: : 
like. cork,!and. is. somewhat elastic. Colour white 5 a 
sometimes with,a shade of red or yellow ; sometimes 
yellow or brown. laid at 
A specimen. of the first variety, fr om Dalecarlia, ans 
alysed by Bergman, contained 
63-9 silica 
16.0, carbonat of magnesia 
12.8 carbonat of lime 
6.0-oxide of iron 


ad alumina 


99:3 ‘ 
A specimen if; the second variety siniiedt to the same 
chemist .»... + 64.0 silica sie 


ous, L4.2,-carbonat of magnesia 


Heel Seb carbonat of lime 


o 2.4 alumina . 
2.2 oxide of iron " 
» ———— 
FLOMO Tt ‘) , 
: een SS = — 7 od 
* Brisson. t Opusc. iv. 170 } Ibid p- 163. 


ss specimen ‘of tis third, Serica ga! according Gen, XI 
10: the same analysis, 56. Bisilicalgaciam) SS Cbends 6% > Species L 
Bis 96.1 carbonat of mindineaia i | 
12.7 carbonat of ata 


ve 0 iron ’ | a 


2.0 alumina 


roe Soe ts eee ee 


100.0 * 


‘Twelve different specimens of asbestus, analysed by 
' Bergman, yielded the same ingredients, differing a little 
‘in their proportions +. 

| i aay... Bei) Sp. 2. Asbestinitet. 

_ This stone is amorphous. Texture foliated or broad >, a ae 
‘striated. Lustre silky, 3. Transparency 1 to 2. ‘Hard- : 2 . 
ness 5 to 6. Specific gravity from 2.806 to 2.880. Co- 

lour white, with shades of red, yellow, green, or blue. LAR 


2 At I se Wedgewood it melts into a green class. ) rich I 


‘ 


Genus XXII. organ t* ? ae 


a 

(Spal. Augite, | wok. 

Pyro oxen of Hauy.—Velcanite ot Pee ‘ eae 
This mineral is only found in basalt and lava. It is 

usually in grains or in small crystals. “The primitive ‘i eee 


form of its crystals is an oblique angled prism, whose — ‘y 
_ bases are rhombs with angles of 92° 18nd 97% golsa {} os ee 
- aan) generally cry rstallizes in six or eight sided prisms, - 3 a) 
~ terminated by dihedral summits|]. Its texture is folia.. 

ted. Hardness g. Fracture imperfectly conchoidal | Bighes 
and brilliant. Usually somewhat transparent. Co- | 
tour deep green, or greenish black. Powder ereenish 


vi 's 
Vv ¥ 


‘ 


a ® Opusc. iv. 170. + Ibid. p.175. > { Kirwan, i. 165. 


* 


» AO ast Hany, Jour. de Min. xxviii. 269. | D Lisle, ii. 398. 


"SIMPLE STONES. pug a : ees 


x 


Class I. erey. spebaey peviny 3-47- Commonly: att 
TaN Ag aca. | OLA magnet*. Scarcely fusible by the blow-p ipet 
m1 ~ With borax it melts into a “tea cae glass, which : 
pears red while it is hot t. oS 
According to the analysis of Vauguelin, it is compo- ; 
4” sea ee Sees + S208 silica et 
14. 66 oxide of iron 
13.20 lime 
10.00 magnesia 
3.33 alumina | 
2.c0 oxide of manganese 


D5-FOS 

| V Spedt Asbestoid lI. f 

te ‘ This stone has obtained its name from its similarity a 
| to common asbestus. It is amorphous. Its texture 
ical! is foliated or striated. Its lustre common or glassy, 
Properties, from 2 to 3. Transparency from o to 1. Hardn SS 

6 to 4. Specific gravity from 3 to 3.31. Colour olive 

ot leek green; when decomposing, brown. Before the 

blow-pipe it melts per se into a brown globule. With 

ie borax it forms a violet-coloured globule verging towards - 
ms Hyacinth According to the analysis . Mr Mace 
aia quart, it is composed of 46 silica ae 
20 oxide of iron 


4 


11 lime 
10 oxide of manganese ay 
8 magnesia 


i : ny eee 
5 ke ‘aan : 95 | 
| \ ; ’ ; ql Fs 
* Ferber. near + Le Lievre. ye Vauquelin, q i 
§ Four. de Min. xxxix. 172. {| Kirwan, i. 166. ro, 
q Macquart, dan. de Chim, xxii. 83. **® Ibid, 


api is P| iyaiery ‘of this species which Kirwan: calls ¢ 
netalliform asbestoid. Its lustre is semimetallie, 3. O- Species II, 
; paque. Hardness 8 to 9. Specific gravity 3 356. Co- 
i cas grey, sometimes inclining to red*, 


pee Genus XXII. 2. sMIL: | eye) I 
ba. SP. 3. Shorlaccous actinolite+._-Rayannante, ay Ree 
_ This stone crystallizes in four or six sided pristns, Me 
py thicker at one end. than the other; hence it has been Ce) aM 
called by the Germans strablstein, “ arrow-stone.” The ie 
crystals: sometimes adhere longitudinally. ‘Fracture Li bac 
_ hackly. External lustre glassy, 3 to 4; internal, 1 to : a Wie 
2. Transparency from 2 to 3 ; sometimes 1. -Hard- > me iH 
_ ness from 7 toi 10. Specific gravity 3-023 to 3-45. ik 


oA Spe 4. Lamellar actiz molt uy phi 
pre ‘This stone resembles hornblende. Jt is amorphous, 
i Texture foliated. Lustre various in diferent places. we 
_ Transparency 0, or scarce I. ¥ Specific gravity 2.916, 
‘ Colour dark yellowish or greenish igrey. 
‘ey Sp, 5. Glassy actinolite). — . aay ai 
A This stone is found amorphous, composed of fibres Oo 
4 adhering longitudinally, or in slender four or six-sided 3 
"prisms. Texture fibrous. Fragments long splintery, Propettics 
\ ‘so sharp that they cam scarcely be handled without in- 

ju ry. External lustre glassy or silky, 3 to 43 internal 
“6. Transparency 2, Exceedingly brit! e,.) Specific’ 
- gravity 2.95 to 3-493. Colour leek ik green ; ; sometimes 
ie at towards greenish or silver white 5 sometimes 


s 


——— 


: a = " 
aM ‘ 
- 


| SIMPLE arene 


\ : { ; . Pa $ ¥ Ni 5-2 Ta 4 

ae Pa f stained bath yellowish or iicutias red. According to % 

i Uraer " 
Neem Bergman it.18 ‘composed of, 72.0 silica. fete 


T2.% carbonat of magnesia | 
Dae j ai cas 6.0 carbonat of lime — Me jin 


4.0 oxide of iron 
2.0 alumina 


‘neha BOTS 
uy Sp. 6. Idocrase. og yee ea 
pS : Hyacinthine of Delametherie—Sorlo piceo as Gieni. re 


This mineral is found 4 in lava, nancies was a con~ “a ) 


he beanitel The primive fairs of its cotati is 2 

the cube. Specific gravity from 3.39 to 3-409. Scratches _ ra, 

: glass. Lustre 2. Fracture imperfectly conchoidal rf 

mt - ‘Transparent. Causes double refraction. Before th 
blow-pipe melts into a yellowish glass. ‘According to — 


c .. , the analysis of Stucke, it is composed of Hi ae 
: ' omiposie } eqs 
; tion, ~~ 26.5 silica 
, 40.2 magnesia 
16.2 oxide of iron 
16.0 lime - isk ty 
: f ise GENUs XXII. SL- 
, Sp. 1. Shistose hornstone tf. 
; - The structure of this stone is slaty. Lasik from ¢ o. : 
ie : to z. Gommonly opaque. Hardness g to10o, § J 
| fic gravity from 2.596 to 2.641. Colour dark bluish ’ 


% or blackish grey, Infusible per Sts 


a 


€ Opusc.iv. 171. —- ¢ Four. de Phys, xlvi, 69. pat Kirwan, i. 305. 
' ‘ Zs Si ae 


“ SHISTOSE, HORNSTONE. Way 


ay Rarizeyitc Siliceous sider aeperonle intersect- GenXxIn 
ed by reddish veins of iron stone. Fracture puetery. Species II. 
Lustre o. ; Transparency from otol. | we bala ape 
4 Variety 2. Basanite or Lydian stone. —Commonly | 
Me _ intersected by veins of quartz. Fracture even ; some~ _ 

_ times inclining to conchoidal. Lustre scarce 1. Hard= 


ness 10. Specific gravity 2. 596. a teretden black. Co- : 


our greyish black. 
’ This, or a stone similar to it, was. used by the an- 
cients asa touchstone. They drew the metal to be ex- 
 atmined along the stone, and judged of its purity by 
the: colour of the metallic streak. On this account | i 
F | they called 1 it Pxravec, the trier, They called it also Ly- ah a 
dian stone; because, as Theophrastus informs us, it was é 
found most abundantly in the river Tmolus in Lydia*. 
4 : -A specimen of the first variety, analysed by oe 

- Ieb, contained . . 75.0 silica Py 
¥o.0 luster Ys ic ea i 


4.6 magnesia [ae 


3:5 iron. : - 4 : 


5-2 carbon te ae 


Reina ges : | 
_ This species is rather a mechanical mixture than a: 
chemical combination. 

ys ; Sp. 2. Tremolite. 

Pa This mineral, found in the valley of Tremola in the : 
Bri, has been described by Saussure}, and seems to 
be very intimately connected with the minerals arran- 
ged i under the second division of the last Genus. | It is 


_ white with a shade of green or red, and is either Cry 


ree, 


mi ° —_—_—— 


* Hills Theophrastus eps rsiov, ps 190. rn Saussure’s Voyages, iv. 105, 


{ ANT eae eu other ‘e j \ . ’ 
Mf e CE HAY y Ah ha, (i 8 By. Gia leo ae D NIMBLE, 
y Woy CON Be V5 Mi ifs 4 serve bn ' % 7 Mi be eh Sem AN Ci .* 
x y ¥ Mok (1) th oes a mY yre™ ia Fie re ley WS iA . ’ 
j ERE < i % i iy Reet y 
iy : oi 

; re coh 

a! ‘§I0 SIMPLE STONES. Baines) 


| + Class 1 stallized or in wees masses. Its tyra ate four- 
mS -sided oblique prisms, with angles of 67° and 113°. 
Specific gravity from 2.9 to 3.2. Texture fibrous. Frac- 4 
ture conchoidal. Fibres rigid, so that it irritates he 
skin when rubbed against it. Cuts glass. Lustre con- 
a siderable. Somewhat transparent. Fibres easily mo 
rated, so that-it appears soft. Phosphoresces when two 
htt pieces are rubbed in the dark against each other. “Mo 1 
‘Berchen and Struve have divided this species into five 
varieties, namely, the common, glassy, asbestiform, silky, 


Composi- and grey. A spesimen analysed by Klaproth contaii ¢ 


tian, 
‘ 65.0 silica’ * 


38.0 lime 
6.5 magnesia 
»-o.§ oxide of iron 
6.0 water and carbonic acid 


100.0 


Genus XXIV. Zs. 
ae . - Sp. 1. Zircon *. 
Fargon—Hyacinth. 
| f This stone is brought from Ceylon, and found also i in eB 
i France, Spain, and other parts of Europe. It is com- 
monly crystallized. The primite form of its crystals f 
is an octahedron, composed of two four-sided pyramids 
applied base to base, whose sides are isosceles triangles, 
Crystals. The inclination of the sides of the same pyramid to. 
ach other is 124° 12’; the inclination of the sides 
one pyramid to those of another 82° 50’. The so 
angle at the apex is 73° 44.7. ~The varieties of | 
crystalline forms of zircon amount to seven. in son 


ye ; a ty ‘hid at -* : ey, 
* Kirwan, i. 257. and 333. + Hauy, Four. de Min. No. XXVi. OT. 
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ases there is a four-sided prism interposed between the 
pyramids of the primitive form ; sometimes all the 
angles of this prism are. wanting, and two small tri- 
angular faces in place of each; sometimes the crystals 
| are dodecahedrons, composed of a flat four-sided prism 
with hexagonal faces, terminated by four-sided summits 
with thomboidal faces; sometimes the edges of this 


mit join, and sometimes both together, are wanting, 
and we find small faces in their place. For an accurate 
description and figure of these varieties, the reader is 
referred to Mr Hany *. 
: The texture of the zircon is foliated. Internal lustre 
3. ‘Transparency from 4 to 2. Causes a very great 
double refraction. Hardness from 10 to 16. Specific 
Y ‘gravity from 4.2 to 4.165 +. Colour commonly reddish 
or ellowish ; sometimes it is limpid. 3 

hie the blow pipe it loses its colour, but not its 
‘transparency. With borax it melts into a transparent 
glass. Infusible with fixed alkali and microcosmic salt. 
x. The variety formerly called Ayacinth is of a yel- 
Jowish red colour, mixed with brown. Its surface is 
~ smooth. Its lustre 3. Its transparency 3 to 4. 
2, The variety formerly called jargon of Ceylon is 
either grey, greenish, yellowish brown, reddish brown, 
or violet. It has little external lustre. . It is sometimes 
4 nearly opaque. : 
_ The first variety, according to the analysis of Vauque- 
din, i is s composed of 64.5 zirconia 
32.0, silica 

2.0 oxide of iron 


95°54 


‘* Hany. Jour. de Min, No. xxvi. gt. + Ibid. t Ibid. p. 106, 
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prism, sometimes the edges where the prism and sum- 
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Species I. 
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Properties. 


Varieties, 


Composi- 
tion, 
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Class I. As s ecimen she sed by Kla roth cont ined 
Order I. wales ysed by lap a 
hig gael Abad 70.0 zirconia 
? ee ry 25.0, silica 
. o.5 oxide of iron 
95-5 * 


The second variety, according to Klaproth, who die 
covered the component parts of both these stones, con- ; 
TAINSiisrs’ seers is) - -68.ommireonia vit) ae 

+ 31.5 silica 
o.§ nickel and iron 
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Genus XXV.° Ysz. 

Speke Gadolinite. Be La é 4 

This mineral was first observed by Captain Arhenius, 
lodged in a white felspar in the quarry of Ytterby in 
Sweden, and received the name of Gadolinite, because 


av 


tank 


La Gadolin was the chemist who first ascertained its com= 
| aaa position. It occurs in thick kidney-form masses, OF in 
: | Properties. parallel plates. Its colour is black 5. that of its powder 
greenish grey. Fracture conchoidal and glassy. Opake. | 
2 Scratched by iron, and in some cases even by the nail. 
oe Attracted by the magnet. Before the blow-pipe decrepi- 
fe. | tates and melts into a black blistered slag.. Forms witl h 
borax a yellowish transparent glass ; with soda a white 
B transparent glasst. According to the analysis of Vaur 
Ba . quelin, it is composed of » Bhs a 
/ am 


 * Beitrage,ica3r. > > + Ibid. i. 219. 
¢ Ekeberg, Crell’s Annals, 1799. ti. 47. 


are AN 
Re te 4 " 4 : 
iv Ags Ray J uy) Hy si 
35-0 yttria 7 Q 
25.5 silica : ap 
25.0 oxide of irony» = * 


2.0 lime 
2.0 oxide of manganese 
10.5 water and carbonic acid 
is 3 100.0 * + 
_ Rlaproth on the other hand found 
: 59-75 yetria 
21.25 silica , 
18,00 oxide of iron 


0.50 alumina 


99-50F 


which Ekeberg had before published. ~ 


Ry.) 


| Onpen I. SALINE STONES. 
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ney naturally divide themselves into five genera, 
f sal describe them in the following order. 


I, CALCAREOUS SALTS. 
1. Carbonat of lime, 
2. Sulphat of lime, 
3. Phosphat of lime, | 
_ 4. Fluat of lime, 
5. Borat of lime, 
6. Arseniat of lime. 


* Aan, de Chim, XxXVis 152. t Ibid, xxxvii. 87, 
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an This last analysis does not differ much from that 


By Laan DER this Order I CE all the minerals 
ng consist of an earthy basis combined with an acid. 


I 


Atrange- 
ment. 


Crystals. 
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II. BARYTIC SALTS. 
. 1. Carbonat of barytes, mi, 
2.«5ulphat of barytes. : | 
Il]. sTRONTIAN SALTS. 
1. Carbonat of strontian, 
2. Sulphat of strontian. 
IV. MAGNESIAN SALTS. 
Sulphat of magnesia. 
V. ALUMINOUS SALTS. 
1. Alum, © 
2. Mellite, 
3. Chriolite. 


GenusI. cALcAREOUS SALTS. | 
This genus comprehends all the combinations of lime 
and acids which form a part of the mineral kingdom. 4 
Sp. 1. Carbonat of lime. he 

No other mineral can be compared with carbonat of 
lime in the abundance with which it is scattered over 
the earth. Many mountains consist of ‘it entirely, and 
hardly a country is to be found on the face of the globe 
where, under the names of limestone, chalk, marble, 
spar, it does not constitute a ing or sea Lg of 
the mineral riches. ; 
It is often amorphous, often sealadical; and often 
crystallized. “The primitive form of its crystals is a Pa A= 
rallelopiped, whose sides’ are rhombs, with angles of 77 


Its integrant molecules have th 


Own 
30’ and 102 go’. : 


same form. The varieties of its crystals amount to 
than go. For a description and figure of which 
reader is referred to Romé de Lisle* and Hauy +. 


er ren rae 


* Crystallog. i. 497+ Redd 
¢ Essai Pune Theorie, Re. p. 75 Pia ee de Phys. 179 35 Abus Pe rr 
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When crystallized, its texture is foliated ; when.a amor- 
peptons its texture is sometimes foliated, sometimes 
striated, sometimes granular, and somtimes earthy. Its 
lustre varies from 0 to 3. Transparency from o to 4. 
It causes double refraction; and it, is the only mineral 
which causes double refraction through two parallel 
mi S505 of the crystal. Hardness from 3 to 9. Specific 
_ gravity from 2. -315 to 2.78. Colour, when pure, white. 
_ Effervesces violently with muriatic acid, and dissolves 
: completely, or leaves but a small residuum. * The solu- 
a tion is colourless, 

B'This species occurs in a great variety i te ; and 
- therefore has been subdivided into numerous varieties. 
~All these may be conveniently arranged under two ge- 
neral divisions. : 

I, Soft carbonat of lime. 
Variety " Agaric mineral. Mountain milk, or moun- 
tain meal of the Germans,This variety is found in 
p she clefts of rocks, or the bottom of lakes. It is near« 
‘a in the state of powder ; of a white colour, some- 
times with a shade of yellow ; and so light that it al- 
a most floats on water. 


Variety 2. Chalk.—The colour of chalk is white, 
Hardness 3 to 4. Specific gravity from 2. -315 to 2.657. 


Dia. Stains the peers, and marks. Falls to powder 
Bg water. It generally contains about eo of alumina, 
| and +s of water ; the rest is carbonat of lime. 

_ ariety 3. Arenaceous limestone.—Colour yellow- 


_ oN 
a St 


’ pe de Hist. Net. 1792, February, p. 148.—Ana. de Chim. XVii. 249. 
Ser Four, de Min, No. xxviii. 304. 


Kk2 


sometimes with a shade of yellow. Lustre o. Opaque.: 


- 


_ Texture earthy. Adheres slightly to the tongue. Feels | 


‘STS 


Genus I. 
Species I. 
women pvomeradl 


Properties, 


Varieties, 


516 


Class L. 


Order il. 


a t ; a i 
ish white. Lustre 1. Transparency 1. So brittle that . © 


‘sists of fistulous concretions variously ramified, and res ’ 


“shades from other colours. 


- 


SALINE STONES. ti 


small pieces crumble to powder between the fingers. 
Specific eravity 742. Phosphoresces in thedark when 
scraped with a knife, but not when heated. It consists 
almost entirely of pure’carbonat of lime. 18 Be 3 

Variety 4. Testaceous tufa.—The colour: of this va= — ‘ 
riety is yellowish or Breyten white. It is exceedingly 
porous and brittle ; and is either composed of broken j 
shells, or reserables mortar containing shells; or 1t con-— 


a 


sera moss. 
IL. « Indurated carbonat of lime. ei 

Variety tr. Compact limstone.—The teneute of this 
variety is compact. It has little lustre ; and is most 
commonly opaque. Hardness 5 to 8. Specific gravity 
1.3864 to 2.72. Colour grey, with various shades ofl 
other colours. It most commonly contains about ‘chil 
of alumina, oxyd of iron, &e.; the rest is carbonat of 
lime. This variety is usually burnt as lime. a 
Variety 2. Granularly foliated limstone.— Structure “ 
sometimes slaty. Texture foliated and granular. Lustre - 
2to1. Transparency 2 tol. Hardness 7 to 8. Spe- — 
Cific gravity 2.71 'to 2. 8 376. Colour white, of various Es 


Variety 3. Sparry limestone.—Structure sparty. 
Texture foliated. Fragments rhomboidal. Lustre 2 to. 
3. Transparency from 2 to 43 sometimes ¥: Hard- 
ness 5 to §. Specific gravity from 2.693 to 2. 718. 
lour white: often with various shades of other colo 
To this variety belong all the crystals of carbonat f 
lime. an Er 

Var ‘ety 4. Striated \eipitiiemn Sabet “alae 
fibrous. Lustre1 too. Transparency 2 to I. a 


* 


er. “ | SULPHAT OF LIME. 4 ; Bae, 
iste ‘ ‘ 

_ fhess § to 7. Specific gravity commonly from 2.6 to ions 4 
‘ae ecies 
2.77. Colour various. ita | sean Samed 

rt 


Variety 5. Swine stone.—Texture often earthy. Frac- 
ture often splintery. Lustre 1 to 0. ~ Transparency ¢ 
to 1. Hardness 6 to 7. Specific gravity 2.401 to 
2.7121, Colour dark grey, of various shades. When 
scraped or pounded, it emits an urinous or garlic smell. 
— Fariety 6, Oviform—This variety consists of a num- 
q ber of small round bodies, closely compacted together, . 
Lustre 0. Transparency o or 1. Hardness 6 to 4. 
4 Sp. 2. Sulphat of lime, 
Gypsum—Selenite. ; 
‘This mineral is found abundantly in Germany, France, 
~ England, Italy, &e. . 
It is found sometimes in amorphous masses, somes 
times in powder, and sometimes crystallized. The pri- 
J - mitive form of its crystals, according to Romé de Lisle, 
isa dodecahedron, which may be conceived as two four- Crystals. 
sided pyramids, applied base to base, and which, instead 
fof terminating in pointed summiits, are truncated near - 
: their bases ; so that the sides of the pyramids are tra- 
_ peziums, and they terminate each ina thomb. These 
Pghoibs are the largest faces of the erystal. The angles 
d of the rhombs are 52° and 158°. The inclination of 
4 two opposite faces of one pyramid to the two similar 
faces of the other pyramid is 145°, that of the other 
: - ometimes some of the faces are elonga- 
, es it crystallizes in six-sided prisms, ter- 
; r ‘inated by three or four-sided summits, or by an inde. 
_ terminate number of curvilinear faces. Fora descrip. 


en 


¥ Crystallog. i. 144, 
K'k 3 
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Class I, 
Order If. . 


Properties 


Varieties, 


. SALINE STONES.” 


tion and figure of these varieties, the readet i is referred 
to Romé de Lisle * | 
+ The texture dB atonat of lime is most aohashonys fo- 
liated. Lustre from o to 4. Transparency from o to 
4. It causes double refraction. Its hardness does not ~ % 
exceed 4. Its specific gravity from 1.872 to 2. Ea 3 
Colour commonly white or grey. 
Before the blow-pipe it melts into a white enamel, 
provided the blue flame be made to play upon the edges | : 
of its lamine. | When the flame is directed against its 
faces, the mineral falls into powder +. : , 
It does not effervesce with muriatic acid, except ity 
be impure ; and it does not dissolve in it. | ‘f 
The following varieties of this mineral are deserving 
of attention. ibe ye 0 
Variety 1. Broad foliated sil whan Sulbeetae bois a. 
foliated. Lustre glassy, from 4 to 2. ‘Transparency — y 
from 4 to 3. Hardness 4. Specific gravity 2. a Co- Be 
lour grey, often with a shade of yellow. ; i 
Variety 2. Grano-foliated sulphat. Texture folie ; 
ted, and at the same time granular 5 * that it inl 
crumbles into powder. Lustre 2 to 3. Transparency — 
2to 3. Hardness q to 3. Specific gravity from 2.274 — 
to 2.310. Feels soft. Colour white or grey, often with © 
a tinge of yellow, blue, or green; “sometimes figeh red, - 


brown, or olive green. A 
Variety 3. Fibrous sulphat. aires “ei 
a ‘ransparen 


ous. Frag- 
ments long splintery. Lustre 2 to 3. Cy 
2 to 1; sometimes 3. Haines 4. Brittle. Spec 
gravity 2.300. Colour white, often with a shade 
grey, yellow, or red; sometimes flesh red, and some- 


. i 
* Crystallog. 1. 144. 4+ Le Lievre, Four. de Min. No, xxviii. 315. 
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- times honey yellow; sometimes a aia of these colours 
Meet in stripes., | | ‘ 
Variety 4. Compact sulphat.—Texture compact. 
_ Lustre 1 or o, _ Transparency 2 to 1, sometimes o. 
Hardness 4. Specific gravity from 1.872 to 2.288. 
? - Feels dry but not harsh, Colour white, with a shade 
zi of grey, yellow, blue, or green; sometimes yellow ; 
- sometimes red; sometimes spotted, striped, or veined, 
Variety 5. Farinaceous sulphat.—Of the consistence 
! 4 of meal. Lustre o. Opaque. Scarcely” sinks in wa- 
Bsr: Is not gritty between the teeth. Feels dry and 
_ meagre. Colour white. When heated below redness, 
it becomes of a dazzling white. 
= Ritial Sp. 3. Phosphat of lime. 
ae Apatite—Phosphorite—Chrysolite of the French. 
This substance is found in Spain, where it forms 
whole mountains, and in different parts of Germany. 
It is sometimes amorphous, and sometimes crystallized. 
The primitive form of its crystals is a regular six-sided 


‘ 


prism. Its integrant molecule is a regular triangular 
) prism, whose height is to a side of its base as 1 to +/2*, 
Sometimes the edges of the primitive hexagonal prism 
are wanting, and small faces in their place ; 3; sometimes 
there are small faces instead of the edges which termi- 
q nate the prism; sometimes these two varieties are uni- 
* ted ; sometimes the terminating edges and the angles of 
placed by small faces ; and sometimes 
the prism is terminated by four-sided pyramids+. ‘ 
_ Its texture is foliated. its fracture uneven, tending 
é 0 conchoidal. External lustre from 2 to 3; internal, 
co to 2. Transparency from 4 to 2. Causes single re- 
; \} Ee aoa MAMTA GeE TAR aR TS 
# Hany, Your, de Min, Nowxxviii. 310. + Hauy, Ibid, 
Kk 4 


he prism a 
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Genus I. 
Species III. 
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Crystals, 


Propertics, 
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Class a 
Order Il. 


Crystals. 


Properties, 


grey ; sometimes brown, red, blue, and even purple. — 
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fraction. Hardness 6 to 7. Brittle. ‘Specitig Bevicy. i 
from 2.8249 to 3.218, Colour commonly green or. 


It is infusible by the blow-pipe. When its he 
is thrown upon burning coals, it emits a yellowish pica 
phosphorescent light. It is soluble in muriatic acid — 
without effervescence or decomposition, and the solution 
often becomes gelatinous. 

Sp. 4. Fluat of lime. — | 
Fluor. . 

This mineral is found abundantly in dimerat coun= — 
tries, particularly i in Derbyshire. It is both mo 
and crystallized. ct 

The primitive form of its crystals is the saprlees OCe 7 
tahedron; that of its integrant molecules the regular Ne 
tetrahedron *. The varieties of its crystals hitherto ob= ig 
served amount to 7. These are the primitive octahe= 
dron; the cube; the rhomboidal dodecahedron; the | 
cubo-octahedron, which has both the faces of the cube | 
and of the octahedron; the octahedron wanting the 
edges; the cube wanting the edges, and either one face, ii 
or two faces in place of each. For a description and i 
ficure of these, the reader is referred to Mr Hauy f. a 

The texture of fluat of lime is foliated. Lustre from. ie 
2to 3, sometimes o. Transparency from 2 to 4, some~ is 
times 1. Causes single refraction. Hardness 8. Very 
brittle. Specific gravity from 3.0943 tel3.191T. — ) 
louxs numerous, red, violet, grece, red, bh 
purple. Its powder thrown upon hot coals emits a 1 bl 
ish or greenish light. Two pieces oft it rubbed i in t 


ee 


#% Hauy, Jour de Min. No. xxviii. 325. tT bid, | 


me: a ) BORAT OF LIME.» 


ny 


fore the Bi sipal it melts into a transparent elke: 
It admits of a polish, and is often formed i into vases 
and other ornaments. KOSS og the 

Sp. 5. Borat of lime. ' 
re — Boracite. 
This mineral has been found at Kalkberg near Lune- 
i i. burg, seated in a bed of sulphat of lime. It is crystal 


io ee general, all the edges and angles of the cube are 
truncated ; sometimes, however, only the alternate an- 
led are truncated {. The size of the crystals does not 
exceed half an inch. | 7 

The texture of this mineral is compact. Its fracture 


oe Mr aepavcicy F from 2 to 3. Hardness 9 to Lo. Spe- 
ay + cific gtavity 2.566. Colour greyish white, sometimes 
| passing into greenish white or purplish. 

When heated it becomes electric; ard the angles of 
_ the cube are alternately positive and negative {. 

| Before the blow- -pipe it froths, emiis a greenish light, 
and is converted into a yellowish enamel, carnished with 
| Be onal points, which, if the heat be continued) dart out 
4 in sparks]. Pp. 
_ According to Westrum, who discovered its compe 
Labi parts, it contains - 


* Hany, Sour. de Min. “ XXViIL 22.5, 
NG | + Hauy, Ibid. omy 
My t Hauy and Westrum. 
4 Hany, Ibid. and Ana. de Chim. ix. 59: 
{ Le Lievre, Four. de fdia. Wbid. 


lized. The primitive form of its crystals is the cube f.. 


is flat conchoidal. * External lustre 3; internal, gteasy, 


Crystals, 


Properties, 
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ip Sp. 7. Nitrat of lime. | * 
Found abundantly mixed with native nitre. ere 


[ description see Volume I]. p. 300. 
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Class I. : oo) 6B boracicasid 
: Order Il. Ce Sie at ‘ ‘ zr the Fi \ 
i SR A Fee & 13-5 magnesia ; 5) 
Composi- ' i 
1 alumina 
2 silica 
mae ee 1 iron 
% 
96.5 
Sp. 6. Arseniat of lime. 
Pharmacolite of Karsten. 
F has in the Furstemberg of Wittichen in tubercles 
: or small capillary crystals united in bun’l's. Colour | 
i! | snow white. Lustre silky. Texture fibrous ; fibres. o 
diverging. Transparency of thecrystals 4. Very fri- be | 
Bs: able. Klaproth found it composed of lime cone” ; 
Be. anda Mirtle cobalt. dual ie 


ue Genus Il. Barytic SALTS. 


This genus edmpréhends the combinations of basyi 


with acids. 


Sp. 1. Carbonat of barytes. | ; 

| Witherite. Cone BY 

This mineral was discovered by Dr ‘Withering; 5 hence 

Werner has given it the name of witherite. It is four 

Crystal = both amorphous and erystallized. The crystals are 
tahedrons or dodecahedrons, consisting of four or 

sided pyramids applied base to base ; sometimes the | six. 


sided pyramids are separated by a prism ; sone 


eS 


> 


® Ann, de Chim, ii a 


: eral of thieks prisms are re joined together in the form GenusIf. 

Species If. 
of a star. | yeh MD et 

Its texture is duyous Its fracture odehieheen Its Properticn 

fragments long splintery. Lustre 21 Transparency: 2 oe) 

to 3- Hardness 5to6. Brittle. Specific gravity 4.3 

to 4-338. Colour greenish white. When heated it 

_ becomes opaque. Its powder’ phosphoresces when 


< town on burning coals *. 


It is soluble with effervescence i in muriatic acid. The ; 
lution is colourless. . ( ) oe 
aes to Pelletier it contains ie 
#h Sy 62 barytes 7 tien, ae 


22 carbonic acid ' 


16 water 


bam 
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Sp. 2. Sulphat of barytes. 


Boroselenite. 


‘This mineral is found abundantly in many countries, 
" puticularly in Britain. It is sometimes in powder, of. 
ten i in amorphous masses, and often crystallized. The i 
hat, ‘imitive form of its crystals is a rectangular prism, OG "ie 
Behose. bases are rhombs, with angles of 101° 39° and 

78° 30t. The varieties of its crystals are very nume- < 


srous. Fora description and ficure of them I refer to | iy 
Rome de Lisle§ and Hauy |]. The most common varie- : 
ties are the octahedron with cuneiform summits, the six 

c four sided prism, the hexangular table with bevelled 
“edges. Sometimes these crystals are needleform. 


\ 


i os Hay. + Your. de Min. xxi. 46. 
ay Hauy, Essai d'une Theorie, p. U19« i §,, Crystal. i. 588. ce 
4p Ibid. and Aan. de Chim, xii. 3. bist § . me 
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: §24: ‘SALINE STONES. 
| Clssl. ‘Ts texture is erninealy foliated. Lustre se re) to. 
Order II. 


Lyn 2 Transparency from 2 too; in some cases 3 OF 4. 
Properties. ys 
| Hardness from 5 to 6. Specific gravity from 4.4 to 
4.44. Colour commonly white, with a shade of htt | 
low, red, blue, or brown. 
, When heated it decrepitates. It is fusible per se by | 
‘the blue flame of the blow-pipe, and is converted into” 
sulphuret of barytes. Soluble in no acid except the 
‘sulphuric ; and precipitated from it by water. 
ah) Varictics. Variety 1. Foliated sulphat.—Lustre 3 to z. Trans: 
parency from 4 to 2, sometimes 1. Colours ee 
i reddish, bluish, yellowish, blackish, greenish i" 
ae .. Werner subdivides this varichy into three, according 
i | the nature of the texture. These three subdivisions are | 
ey granularly foliated, straight foliated, curve fo ee 
3 Variety 2. Fibrous yee —Texture fibr 
| bres converging to a common centres Lustre si Ns: 
waxy, 2. Transparency 2 to 1, Hardness” sf Co- 
lours yellowish, bluish, reddish. [ | Sa a 
3 Variety 3. Compact sulphat. —Texture compact. 
. Lustre o tox. Transparency £ to 0. Feels meag 
Almost constantly impure. Colours light eo r 
or blue. . 
Variety 4. Earthy sulphat.—In the form of coarse 
dusty particles, slightly mare Colour reddish ¢ 0 
yellowish white. f 


) ~ 


Genus Ill. STRONTIAN SALTS. | 


This genus comprehends all the combinations of 
strontian and acids which form a part of the mineral 
kingdom. Pa 

Sp. 1. Carbonat of tidal | 

This mineral was first discovered in the lead mine of 


SsULPHAT OF STRONTIAN. 


Pntiin in Argyleshire ; and since that time it is said Genus el Rae as 
pecies IL, 

_ to have been discovered, though not in great abundance, —+ 

in other Sountrics. It is found amorphous, and also cry- 

F, a ‘stallized in needles, which, according to Hauy, are re~ 

q peglat six-sided prisms. _ 

Its texture ig fibrous ; 3 the fibres converge, Fracture Properties 
“uneven. Lustre 2, Transparency 2. Hardness 5. Spe- 
cific gravity! from 3.4 to 3.66. Colour light green, 

Does not decrepitate when heated. Before the blow- 

Pipe becomes opaque and white, but does not. melt. 

X it effervesces, and melts into a transparent 

: glass. Effervesces with muriatic acid, and is 

lved. The solution tinges flame purple. Bere iat 
: Sp. 2. Sulphat of strontian. | aN 

: Celestine. 

neral has been found in Pennsylvania, inGer- __ i 
; France, in Sicily, and Britain. It was first sith La 
d near Bristol by Mr Clayfield. There it is 
| in such abundance, that it has been Spiess wh. i 
ome ending the roads. eae 
It occurs both amphorous and crys stallized, The 
"ystals are most commonly bevelled tables, sometimes. 
nl homboidal cubes. Its texture is foliated. More or i 
“| less transparent. Hardness 5. Specific gravity from pay 
a 51 to 3.96. Colour most commonly a fine sky blue; _ | 
we _ sometimes reddish ; 3 sometimes white, or nearly colour- nt A 
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a Klaproth found a specimen of this write 9 Penn- Compose =< 
P, _ sylvania composed of 58 strontian tion. DE: 


42 sulphuric acid 


roof 


® Clayfield, Nichelson’s Four. iii, 36. 


f Beitrage, ii, 97, 
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( Aileney—aeet  phat.of strontian found near Bristol is compo ed ae 


Class 1. vib ecostige to the cue of Mr Clayfield, ma ott 4 


58.25 strontian 
41.75 sulphuric acid of 2, 24, anda little iron *. 


IOo, ote} 


According to the analysis of Pah De the phat ] 
of strontian found at Bouvron in France, which was 
contaminated with .1 of carbonat of lime, is compos ay 
Of iny to onebedes Se sepontian > 

45 sulphuric acid 


99+ ll 
Genus TV. Macnesian SaLirs 


Sp. 1. Sulphat of magnesia. : 

Sp. 2. Nitrat of magnesia. 

These salts are found in different count 
sparingly mixed with the soil, or effloresc: 
walls, or dissolved in mineral waters. I have: 
erty ett in compliance va the ee 


ranked among minerals. For a deseripti of th 
refer to the First Part of this Work {. 


Genus V. ALuminous SaLTs. 


This genus comprehends all the combinations of alu 
mina with acids, which consitute a part of the mine 
kingdom. Hitherto only three species have occurre: 

Sp I. Alara pea. a 


* Clayfield, Nicholson’s ‘four. + Four de Min. No. xxxvii. 6. 
{ See vol. ij, p. 267. and 305. . . 


MELLITEs — 


* 


me tefer to Vol. Il. p. 272. 
cy, f | Sp. 2. Mellite *. 
- Honeystone—Meilat of Alumina. . 

This mineral was first observed about ten years ago 
in Thuringia, between the layers of wood-coal. It is of 
om a honey-yellow colour (hence its name), and is usually 
q crystallized in small octahedrons, whose angles are often 
: wa Lustre 2 to 3. Transparency considerable. 
facture conchoidal. Hardness 5. Specific gravity, 
to Abich, 1.666. When heated it whitens; 
the ee air burns without being setislbly sharzed. 


mn 


: tic acid has several properties in common with the oxa- 
Tic, which induced him at first to consider it as the same 
_ with that acid. But Klaproth has since demonstrated 
i gg it is different. 

' _. The meliitic acid, when canned to heat, 1s decompo- 
“sed very speedily, and evaporates in a thick grey smoke, 
‘When distilled it yields a great quantity of carbonic a. 
cid. It combines in excess with potass, and forms a su- 
- per-mellat, which has a slightly acid taste, is sparingly 


= 


Be Emmerling’s Lebrbuch, ii, 89. —Wiedeman’s Feaibuch: p- 639.— 
g  Abich, Crell’s Annals, 1797; il. 3.—Vauguelin, Ann, de Chim, xxxvi. 23.— 
yy Klaproth, Ibid. xxxvii. 88.—Kirwan’s Jin. ii. 68, oat Mus, Leck. 
© Hi 335. 


ol invisibly mixed with the soil. For a description, 


cid. | “Vauquelin obtained the same result. The melli-. 


ie 


Genus V. Ya 
Species 1, 
se yoseed 1 


Properties, 
\ 


Analysis, 


Mellitic 
acid, 
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(ae arn sila pee: vba alt a ki Pein hems” ncduemiaanaiqeetet a 


Class f. \, Sov 
Pes soluble in Carre ‘and crystallizes. “When th 3 sali 


i} ee poured into a spinon of Roo “al alumina 


ass occasions none. 2} tye . 
| i iSps 3. en isle Ma tna 
| Sulpbas of soda-and-alumina. 


Bais from whitch it was sali to Copentioeel 


it a napus or nine years pees till at la 


bess Tte colour is snow lovehiies 
peebe inferior to that fire fluat Ms lime. dy 


iy 


ae 
, * hai de Chins XEXVil. 87. and $9. —Four. de. Phyeski 35: 
4 xix. 462. 
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